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REPLY  TO 
ATTENTION  OF: 


NEDED 


SEP  3  0  1981 


Honorable  Joseph  E.  Brennan 
Governor  o£  the  State  of  Maine 
State  Capitol 
Augusta,  Maine  04330 


Dear  Governor  Brennan: 


Inclosed  Is  a  copy  of  the  Reservoir  Dam  (ME-00472)  Phase  I  Inspection 
Report,  prepared  under  the  National  Program  for  Inspection  of 
Non-Federal  Dams.  This  report  Is  based  upon  a  visual  Inspection,  a 
review  of  the  past  performance  and  a  brief  hydrological  study  of  the 
dam.  1  approve  the  report  and  support  the  findings  and  recommendations 
described  In  Section  7  and  ask  that  you  keep  me  Informed  of  the  actions 
taken  to  Implement  them.  This  follow-up  action  is  vitally  important. 

Copies  of  this  report  have  been  forwarded  to  the  Department  of  Agricul¬ 
ture  and  to  the  owner,  Kennebec  Water  District.  Copies  will  be 
available  to  the  public  in  thirty  days. 

I  wish  to  thank  you  and  the  Department  of  Agriculture  for  your  coopera¬ 
tion  in  in  this  program. 

Sincerely, 


Incl 

As  stated 


WILLIAM  H C  HODGSON,  *R. 
Colonel^  Corps  of  Engineers 
Acting,  Division  Engineer 
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NATIONAL  DAM  INSPECTION  PROGRAM 


PHASE  I  INSPECTION  REPORT 


Identification  No.  :  ME  00472 

Name  of  Dam  :  Reservoir  Dam 

Town  :  Waterville,  ME. 

County  &  State  :  Kennebec  &  Somerset  Counties,  Maine 

Stream  :  Unnamed  (Tributary  to  Kennebec  River) 

Date  of  Inspection  :  November  16,  1979 

BRIEF  ASSESSMENT 

Reservoir  Dam  is  a  small  earthfill,  concrete  core  dam  located  in  central 
Maine  about  two  miles  north  of  Waterville.  The  dam  was  built  to  supplement  the 
water  supply  of  the  Kennebec  Water  District.  It  is  essentially  a  pumped  storage 
project  with  all  of  the  storage  (with  the  exception  of  direct  precipitation) 
being  pumped  into  the  reservoir  from  China  Lake  about  10  miles  away.  The 
original  structure  was  built  in  1918  but  it  was  enlarged  in  1951  so  as  to  double 
the  reservoir  storage  capacity.  The  Kennebec  Water  District  owns  the  dam.  They 
also  maintain  and  monitor  the  project  on  a  regular  basis.  The  project  includes 
the  main  dam  which  is  735  feet  long  and  27  feet  high,  a  dike  along  the  upper 
reaches  of  the  reservoir,  and  a  runoff  diversion  ditch  around  the  perimeter  of 
the  project. 

The  visual  inspection  showed  that  the  dam  and  its  apurtenant  structures 
are  in  good  condition.  With  a  maximum  storage  capacity  of  156  acre-feet  and 
height  of  27  feet  it  is  classified  as  a  small  dam.  Results  from  the  dam  breach 
analysis  determined  that  the  structure  should  be  classified  as  a  high  hazard 
potential  because  more  than  a  few  lives  would  be  threatened  in  the  event  of  a 
dam  breach. 

A  test  fLood  was  estimated  for  the  Reservoir  Dam  using  the  "Preliminary 
Guidance  for  Estimating  Maximum  Probable  Discharges  in  Phase  I  Safety 
Investigations",  New  England  Division  Corps  of  Engineers,  March  1978.  It  was 
assumed  that  the  dike  system  surrounding  the  project  would  prevent  any  runoff 
from  entering  the  reservoir  during  a  PMF  event.  Therefore,  only  direct 
precipitation  was  considered  during  a  Probable  Maximum  Precipitation  (PMP) 
storm.  This  resulted  in  the  water  level  being  increased  by  1.6  feet  to 
elevation  328.6.  This  increase  when  added  to  the  normal  water  level  elevation 
of  327  would  remain  below  the  crest  of  the  dam  3t  Elevation  330  but  it  would 
exceed  the  top  of  the  perimeter  dike  at  Elevation  328. 


No  urgent  or  emergency  actions  are  required  for  Reservoir  Dam  based  on 
this  inspection.  Remedial  measures  include  routine  general  maintenance  to  keep 
the  vegetation  trimmed,  monitoring  the  project  during  periods  of  intense 
rainfall,  establishing  a  monthly  visual  inspection  program,  and  developing  a 
downstream  warning  system. 


:~V  — 

.E.  Giles,  Jr.,  P.] 

5roject  Manager 
lassachusetts  Registration  No. 
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This  Phase  I  Inspection  Report  on  Reservoir  Dam  (ME-00472) 

has  bee:',  reviewed  by  the  undersigned  Review  Ecard  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Dans ,  and  with  good  engineering  judgement  and  practice,  and  is  hereby 
submitted  for  approval . 


ARAMAST  MAHTESIAN ,  MEMBER 
Geotechnical  Engineering  Branch 
Engineering  Division 


CARNEY  M.  TERZIAN,  MEMBER 
Design  Branch 
Engineering  Division 


Engineering  Division 


APPROVAL  RECOMMENDED: 


JOE  B.  FRYAR 

Chief,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations.  Copies  of 
these  guidelines  may  be  obtained  from  the  Office  of  Chief  of  Engineers, 
Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  Investigation  is  to  identify 
expeditiously  those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  available  data  and 
visual  inspections.  Detailed  investigation,  and  analyses  involving  topographic 
mapping,  subsurface  investigations,  testing,  and  detailed  computational 
evaluations  are  beyond  the  scope  of  Phase  I  investigation:  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at  the  time  of 
inspection  along  with  data  available  to  the  inspection  team.  In  cases  where  the 
reservior  was  lowered  or  drained  prior  to  inspection,  such  action,  while 
improving  the  stability  and  safety  of  the  dam,  removes  the  normal  load  on  the 
structure  and  may  obscure  certain  conditions  which  might  otherwise  be  detectable 
if  inspected  under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous 
and  constantly  changing  internal  and  external  conditions,  and  is  evolutionary  in 
nature.  It  would  be  incorrect  to  assume  that  the  present  condition  of  the  dam 
will  continue  to  represent  the  condition  of  the  dam  at  some  point  in  the  future. 
Only  through  continued  care  and  inspection  can  there  be  any  chance  that  unsafe 
conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic  and 
hydraulic  analyses.  In  accordance  with  the  established  Guidelines,  the  Spillway 
Test  flood  is  based  on  the  estimated  "Probable  Maximum  Flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff),  or  fractions  thereof.  Because  of 
the  magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a  spillway  will 
not  pass  the  test  flood  should  not  be  interpreted  as  necessarily  posing  a  highly 
inadequate  condition.  The  test  flood  provides  a  measure  of  relative  spillway 
capacity  and  serves  as  an  aid  in  determining  the  need  for  more  detailed 
hydrologic  and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
condition  and  the  downstream  damage  potential. 

The  Phase  I  Investigation  does  not  include  an  assessment  of  the  need  for 
fences,  gates,  no-trespassing  signs,  repairs  to  existing  fences  and  railings  and 
other  items  which  may  be  needed  to  minimize  trespass  and  provide  greater 
security  for  the  facility  and  safety  to  the  public.  An  evaluation  of  the 
project  compliance  with  OSHA  rules  and  regulations  is  also  excluded. 
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NATIONAL  DAM  INSPECTION  PROGRAM 


PHASE  I  INSPECTION  REPORT 


RESERVOIR  DAM 

KENNEBEC  AND  SOMERSET  COUNTIES,  MAINE 


SECTION  I 

PROJECT  INFORMATION 


ral 

Authority  -  Public  Law  92-367,  August  8,  1972  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a 
National  Program  of  Dam  Inspection  throughout  the  United  States.  Th 
New  England  Division  of  the  Corps  of  Engineers  has  been  assigned  the 
responsibility  of  supervising  the  inspection  of  dams  within  the  New 
England  Region.  Chas.  T.  Main,  Inc.  has  been  retained  by  the  New 
England  Division  to  inspect  and  report  on  selected  dams  in  the  State 
of  Maine.  Authorization  and  notice  to  proceed  were  issued  to  Chas. 
T.  Main,  Inc.  under  a  letter  of  November  6,  1979  from  Max  B. 
Scheider,  Colonel,  Corps  of  Engineers.  Contract  No.  DACW  33-80-C- 
0011  has  been  assigned  by  the  Corps  of  Engineers  for  this  work. 

Purpose 

(1)  The  purposes  of  the  inspection  program  are:  To  perform 
technical  inspection  and  evaluation  of  non-Federal  dams  to  identify 
conditions  which  threaten  the  public  safety  and  thus  permit 
correction  in  a  timely  manner  by  non-Federal  interests. 

(2)  To  encourage  and  prepare  the  states  to  initiate  effective  dam 
safety  programs  for  non-Federal  dams. 

(3)  To  update,  verify  and  complete  the  National  Inventorv  of  Dams. 


c.  Scope  of  Inspection  Program  -  The  scope  of  this  Phase  I  inspection 
report  includes: 

(1)  Gathering,  reviewing  and  presenting  all  available  data  as  can  be 
obtained  from  the  owners,  previous  owners,  the  state  and  other 
associated  parties. 

(2)  A  field  inspection  of  the  facility  detailing  the  visual 
condition  of  the  dam,  embankments  and  appurtenant  structures. 

(3)  Computations  concerning  the  hydraulics  and  hydrology  of  the 
facility  and  its  relationship  to  the  calculated  flood  through  the 
existing  spillway. 

(4)  An  assessment  of  the  condition  of  the  facility  and  corrective 
measures  required. 

It  should  be  noted  that  this  report  does  not  pass  judgment  on  the 
safety  or  stability  of  the  dam  other  than  on  a  visual  basis.  The 
inspection  is  to  identify  those  features  of  the  dam  which  need 
corrective  action  and/or  further  study. 

Description  of  Project 

a.  Location  -  Reservoir  Dam  is  located  on  the  Somerset  and  Kennebec 
County  Line  on  an  unnamed  stream,  approximately  1. 75  miles  above 
the  Kennebec  River  and  two  miles  north  of  Waterville.  The  dam 
location  is  included  on  U.S.G.S.  15  minute  series  Quadrangle, 
Waterville,  Maine  with  approximate  coordinates  of  N44°35'0",  W69°38'40" 

b.  Description  of  Dam  and  Appurtenances  -  The  project  consists  of  three 
main  features;  an  earthfill  concrete  core  dam,  an  earthfill  dike,  and 
a  runoff  diversion  ditch.  The  dam  is  approximately  735  feet  long,  27 
feet  high,  and  12  feet  wide  at  the  crest  (Elev.  330  NGVD)  with 
upstream  and  downstream  slopes  of  1.5  H:1V.  The  reinforced  concrete 
core  wall  is  16  inches  thick  with  a  3'  x  3'  footing  that  rests  on  a 
rock  foundation.  The  top  of  the  wall  is  five  feet  lower  than  the 
crest  of  the  dam.  The  upstream  face  of  the  dam  is  protected  with 
rip-rap  and  the  downstream  face  has  a  heavy  grass  cover  with  a 
drainage  ditch  running  along  the  toe. 

The  earthfill  dike  extends  around  the  reservoir  adjoining  the  dam  at 
both  abutments.  It  was  installed  in  1951  to  double  the  storage 
capacity  of  the  reservoir.  The  height  of  the  dike  varies  but  the 
crest  is  at  constant  Elevation  328  NGVD.  The  embankment  slope  is  2:1 
on  the  reservoir  side  with  a  rip-rap  cover  and  3:1  on  the  dry  side 
which  has  a  well  established  grass  cover. 


Running  completely  around  the  project  is  a  runoff  diversion  ditch. 
The  purpose  of  this  ditch  is  to  prevent  any  surface  run-off  from 
entering  and  contaminating  the  reservoir  supply. 


Two  inlet  lines,  one  24"  and  one  20"  diameter  pipes  supply  water  to 
the  reservoir.  Two  outlet  lines,  one  16"  and  one  12"  diameter  pipes 
carry  the  discharge  as  needed.  A  14"  line  installed  when  the  original 
dam  construction  took  place  in  1918  was  closed  in  1951.  The  gate 
valves  on  both  lines  are  normally  left  open  to  maintain  the  water 
pressure  in  the  system  and  to  facilitate  water  supply  operations. 

The  flow  within  these  pipelines,  whether  filling  or  emptying  the  reser¬ 
voir,  is  controlled  by  the  Kennebec  Water  District  through  its  pump 
house  controls  located  180  feet  downstream  from  the  dam.  The  source 
of  supply  for  the  reservoir  is  China  Lake  located  10  miles  southeast  of 
the  dam  with  a  drainage  area  of  36  square  miles. 

A  14"  diameter  open  pipe  serves  as  an  overflow  outlet  with  Invert 
Elevation  327  NGVD.  It  has  a  small  concrete  receptacle  at  the  inlet 
and  empties  into  the  drainage  ditch  at  the  toe  of  the  dam. 

Size  Classification  -  The  maximum  embankment  height  is  approximately 
27  feet  above  the  downstream  toe  and  the  maximum  storage  is  145  acre- 
feet  at  the  crest  of  the  dike.  This  classifies  the  structure  as  a 
small  dam  (less  than  1000  acre  feet)  in  accordance  with  the  Corps  of 
Engineers  Recommended  Guidelines  for  Safety  Inspection  of  Dams. 

Hazard  Classification  -  This  facility  is  classified  as  a  high  hazard 
potential  dam  based  on  the  potential  for  loss  of  more  than  a  few  lives 
in  the  event  of  a  dam  failure  in  several  occupied  dwellings  downstream 
of  the  dam. 

Ownership  -  The  dam  and  associated  works  are  owned  by  the  Kennebec 
Water  District. 

Operators  -  The  project  is  operated  and  maintained  by  the  Kennebec 
Water  District.  The  District  Superintendent  is  Mr.  Theodore  Rohman 
in  Waterville,  Telephone  (207)  872-2763. 

Purpose  of  Dam  -  Reservoir  Dam  was  constructed  to  supply  a  secondary 
water  supply  source  for  the  Kennebec  Water  District.  The  reservoir 
is  entirely  contained;  surface  runoff  is  diverted  around  it.  The 
reservoir  is  supplied  through  a  pipeline  distribution  network  from 
China  Lake. 

Design  and  Construction  History  -  The  original  dam  was  built  in  1918 
by  the  firm  of  Mr.  James  H.  Kerr  of  Rumford,  Maine.  It  was  designed 
by  Metcalf  and  Eddy  Consulting  Engineers  from  Boston.  In  1951,  the 
dam  was  enlarged  and  the  dike  was  added  so  as  to  double  the  storage 
capacity.  This  work  was  performed  by  A.  P.  Wyman,  Inc.  of 
Waterville,  Maine,  with  the  engineering  supervised  by  Mr.  J.  Elliot 


Hale.  Then  in  1978,  some  minor  revisions  were  performed  on  the 
project  when  the  gunite  facing  was  replaced  by  rip-rap. 

i.  Normal  Operating  Procedures  -  Water  is  pumped  from  the  China  Lake 
pipe  line  into  the  Water  Districts  distribution  pipes,  and  if  the 
rate  of  pumping  exceeds  the  consumption  at  the  moment,  the  excess 
flows  into  the  reservoir;  conversely,  if  the  consumption  exceeds  the 
pumping  rate,  water  is  drawn  from  the  reservoir  to  make  up  the 
difference.  The  reservoir  thus  serves  as  an  equalizer,  and  assists 
in  the  maintenance  of  a  uniform  pressure  in  the  pipes.  The  water 
level  at  the  reservoir  is  monitored  and  re  orded  on  a  continuous 
weekly  chart.  Normal  operating  level  is  Detween  Elevations  327  and 
325 . 

1  .  3  Pertinent  Data 


3.  Drainage  Area  -  Reservoir  Dam  controls  a  drainage  area  of  0.25  square 
miles.  Runoff  from  the  upstream  drainage  area  is  diverted  around  the 
reservoir.  Thus,  runoff  drainage  is  not  considered  when  evaluating 
the  hydrologic  conditions  of  this  dam. 

b .  Discharge  at  Damsite 

(1)  Outlet  Works  -  The  storage  is  discharged  through  a  24"  diameter 
and  14"  diameter  pipe  controlled  by  the  pumphouse  equipment  at  the 
downstream  end.  The  invert  elevation  of  the  24"  is  316  and  of  the 
14"  is  302.  Also,  a  14"  diameter  open  overflow  pipe  is  at  invert 
Elevation  327. 

(2)  Maximum  known  flood  -  Unavailable  in  existing  data. 

c.  Elevations  (feet  above  NGVD) 


(1) 

Streambed  at  toe  of  dam 

303 

(2) 

Bottom  of  cutoff 

295 

(3) 

Maximum  tailwater 

Not 

available 

(4) 

Normal  Pool 

327 

(5) 

Full  flood  control  pool 

Not  applicable 

(6) 

Spillway  crest  (overflow  pipe) 

327 

(7)  Design  surcharge  (Original 
Design) 

Not 

available 

(8) 

Top  of  upstream  dike 

328 

(9) 

Top  of  dam 

330 
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(10)  Test  flood  surcharge 
Reservoir  (Length  in  feet) 


(1) 

Normal  pool  @  Elev.  327 

230 

(2) 

Flood  control  pool 

Not  applicable 

(3) 

Spillway  crest  pool 

230 

(4) 

Top  of  dam 

230 

(5) 

Test  flood  pool 

230 

Storage  (acre-feet) 

(1) 

Normal  Pool 

128 

(2) 

Flood  control  pool 

Not  applicable 

(3) 

Spillway  crest  pool 

128 

(4) 

Top  of  dike 

145 

(5) 

Test  flood  pool 

156 

Reservoir  Surface  (acres) 

(1) 

Normal  Pool 

11.1 

(2) 

Flood-control  pool 

Not  applicable 

(3) 

Spillway  crest 

11.1 

(4) 

Test  flood  pool 

11.4 

(5) 

Top  of  dam 

12.0 

Dam 

and  Dike 

Dam 

Dike 

(1) 

Type 

Earthf ill 
concrete  core 

Earthf ill 

(2) 

Length 

735  feet 

1,535  ft. 

(3) 

Height 

27  feet 

Varies 

(4) 

Top  Width 

12  feet 

12  ft. 

Upstream  1.5:1  Upstream  2.0:1 
Downstream  1.5:1  Downstream  3,0:1 


Concrete 


Concrete 


Rip-rap  face 


Rip-rap  face 


(5J  Sule  Slopes 


(6)  Zoning 

(7)  Impervious  Core 

(8)  Cutoff 

(9)  Grout  curtain 

(10)  Other 


Diversion  and  Regulating  Tunnel  -  None 


Principal  Outlet  Works 


(1)  Invert  -  327'  NGVD 

(2)  Size  -  14"  Dia. 

(3)  Description  -  Overflow  control 

(4)  Control  Mechanism  -  Open  -  No  valves 

(5)  Other  -  None 


Regulating  Outlets 

(1)  i.  Invert  -  302'  NGVD 

ii.  Size  -  20"  Dia. 

iii.  Description  -  Inlet  &  Outlet  Supply  Pipeline 

iv.  Control  Mechanism  -  Pumps  located  downstream  govern  flow; 

check  valve  in  valve  chamber  on  dam. 

(2)  i.  Invert  -  316’  NGVD 

ii.  Size  -  24"  Dia. 

iii.  Description  -  Inlet  &  Outlet  Supply  Pipeline 

iv.  Control  Mechanism  -  Pumps  located  downstream  govern  flow; 

check  valve  located  180'  downstream. 
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SECTION  2 
ENGINEERING  DATA 


2 . 1  Design 


Metcalf  &  Eddy  Consulting  Engineers  from  Boston  Massachusetts,  were  the 
engineers  responsible  for  designing  the  original  Reservoir  Dam  structure. 
Three  of  their  original  drawings  were  obtained  and  are  included  in 
Appendix  B.  Also,  the  report  from  Metcalf  &  Eddy  to  the  Trustees  of  the 
Kennebec  Water  District;  Re.,  "Necessity  and  Approximate  Cost  of  a  New 
Distributing  Reservoir",  August  3,  1916,  was  reviewed  in  preparing  this 
report.  Two  additional  drawings  showing  the  1951  revisions  were  obtained 
and  are  in  Appendix  B.  The  Contract  and  Specifications  for  "Improvements 
to  Reservoir  for  Kennebec  Water  District",  March  1,  1951,  were  reviewed. 
Also,  the  Trustees'  Statements  from  1917,  1919  and  1951  were  received  from 
the  Kennebec  Water  District.  Unfortunately,  design  calculations  from 
neither  the  1918  nor  1951  construction  were  available  in  preparing  this 
report. 

The  general  design  of  the  dam  is  an  earthfill  structure  with  a  concrete 
core  wall  down  to  bedrock.  The  16"  thick  reinforced  wall  has  a  3'  x  3' 
concrete  base  which  sets  on  a  rock  foundation.  The  embankment  slopes  were 
originally  2.5:1  and  2:1  on  the  upstream  and  downstream  slopes 
respectively  but  these  were  changed  in  1951  such  that  both  slopes  are  now 
1.5:1. 

2.2  Construction 


There  are  no  actual  records  of  the  original  or  revised  construction  other 
than  the  report  from  the  Kennebec  Water  District.  The  earthfill  was  taken 
from  the  reservoir  area  which,  according  to  Metcalf  and  Eddy,  was  a  clayey 
hardpan,  extremely  hard  and  laid  in  layers  with  the  "best  selected 
material"  forming  the  upstream  embankment  and  the  "second  grade  material" 
forming  the  downstream  embankment.  The  original  dam  was  built  by  the  firm 
of  Mr.  James  H.  Kerr  from  Rumford,  Maine.  The  1951  changes  were  performed 
by  A.  P.  Wyman,  Inc.  of  Waterville,  Maine. 

2 . 3  Operation 

The  daily  level  of  the  reservoir  is  monitored  and  recorded  by  the  Kennebec 
Water  District.  The  level  of  the  reservoir  is  maintained  between 
Elevations  325  and  327  under  normal  use.  The  water  level  is  mechanically 
controlled  by  the  pumps  and  valves  within  the  Water  Districts  distribution 
network.  The  pipeline  pressure  at  the  pumping  station  downstream  from  the 
dam  is  approximately  110  p.s.i.  due  to  the  pressure  head  from  the 
reservoir.  During  low  usage  when  it  is  not  economical  to  run  the  systems 
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large  pumps,  the  reservoir  becomes  the  major  source  of  water  supply, 

taking  advantage  of  its  pressure  head  for  distribution. 

Evaluation 

a.  Availability:  All  of  the  engineering  data  acquired  was  received  from 
the  Kennebec  Water  District.  This  includes  the  drawings,  reports, 
and  miscellaneous  material.  All  of  the  drawings  received  are 
included  in  Appendix  B. 

b.  Adequacy:  The  limited  amount  of  engineering  data  did  not  allow  for  a 
definitive  review.  Evaluation  must  be  based  on  visual  inspection, 
past  performance  history,  and  engineering  judgment. 

c.  Validity:  The  field  inspection  indicated  that  the  external  features 
of  the  dam  and  appurtenances  substantially  agree  with  those  shown  on 
the  available  drawings. 


SECTION  3 


VISUAL  INSPECTION 


Findings 


General  -  The  field  inspection  was  conducted  by  Mr.  L.  Seward  and  Mr. 

J.  Jonas  of  Chas.  T.  Main,  Inc.  on  16  November  1979  and  J.  E.  Giles,  Jr. 
on  March  10,  1981.  On  the  dates  of  inspection,  the  Reservoir  Dam  was  in 
good  condition.  General  maintenance  of  the  project  is  necessary  but  no 
urgent  or  emergency  actions  are  required  at  this  time. 


(1)  Crest  -  The  embankment  crest  was  true  to  line  with  no  apparent 
dips,  sags,  cracks  or  other  evidence  of  distress  (Photo  1  & 

Overview) .  The  crest  has  a  well  established  grass  cover  with  no 
signs  of  trespassing. 

(2)  Upstream  slopes  -  The  upstream  face  was  in  very  good  condition 
with  an  undamaged  rip-rap  cover  (Photos  1,  2  3  &  Overview). 

(3)  Downstream  slope  -  The  downstream  slope  is  dry  with  a  heavy, 
well  established  grass  cover  (Photo  4) .  The  slope  showed  no  signs 
of  lateral  movement,  erosion,  sagging,  or  slides.  No  seepage  was 
observed.  The  grass  and  weeds  appeared  overgrown  and  uncut  but  in 
general  the  slope  was  in  good  condition. 

(.4)  Downstream  toe  -  No  boils  or  seeps  were  observed.  The  drainage 
ditch  running  along  the  toe  contained  a  small  amount  of  running  water 
from  upstream  of  the  reservoir.  The  flow  was  approximately  ten  gals  per 
minute.  It  appeared  in  good  condition  although  somewhat  overgrown 
with  cattails,  brambles,  and  other  weeds. 

(5)  Underdrain  system  -  The  dam  has  no  underdrain  system. 

(6)  Instrumentation  -  The  only  instrument  at  the  project  is  the 
water  level  device  which  was  not  observed  during  the  inspection.  A 
copy  of  a  weekly  chart  which  records  the  water  level  was  made 
available  and  is  included  in  Appendix  B. 

Appurtenent  Structures 

(1)  Dike  -  The  dike  surrounding  the  upper  part  of  the  reservoir  and 
adjoining  the  dam  abutments  was  in  good  condition.  It  has  no 
apparent  dips,  sags,  or  other  evidence  of  distress  along  the  crest. 

There  was  no  evidence  of  seepage.  The  crest  and  dry-side  slopes  did 
have  a  well-established  grass  cover.  The  embankment  had  a  very  good 
rip-rap  cover  along  the  entire  length. 
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(2)  Intercepting  ditch  -  The  intercepting  or  diversion  ditch 
completely  surrounds  the  project.  At  the  time  of  inspection  it  had  a 
small  amount  of  water  flowing  through  it.  Most  of  this  water  flowed 
along  the  western  side  of  the  reservoir  with  only  a  trickle  flowing 
along  the  eastern  side.  The  ditch  appeared  to  be  functioning 
properly,  that  is,  diverting  the  surface  runoff  around  the  reservoir. 


(3)  Inlet  and  outlet  works  -  Because  both  supply  and  outlet 
lines  were  buried  and  their  inlets  and  outlets  submerged,  these  were 
not  able  to  be  inspected.  (See  Section  7)  The  housing  for  the  valve 
control  for  the  14"  abandoned  pipeline  is  unused  with  some  rubbish 
accumulated  at  the  bottom. 


d.  Reservoir  Area 


The  reservoir  looked  very  clean  with  no  irregularities  observed.  On 
the  northwest  upstream  end  of  the  reservoir,  outside  of  the  dike  but 
inside  the  diversion  ditch,  a  small  pool  of  relatively  stagnant  water 
was  observed.  It  appeared  that  this  shallow  pool  would  occassionally 
spill  over  the  dike  (without  damage)  into  the  reservoir.  Probably 
the  result  of  rainwater,  this  pool  is  not  a  serious  problem  at 
present.  (See  Section  7) 

e .  Downstream  Channel 

There  is  a  well-defined  downstream  channel  below  the  dam  with  only  a 
small  flow  consisting  of  the  discharge  from  the  diversion  ditch 
around  the  project.  There  were  no  obstructions  noted. 

Evaluation 


The  dam,  dike,  reservoir,  and  diversion  channel  are  all  in  good  condition 
The  only  points  which  should  be  checked  are  operability  of  the  controls, 
the  overgrowth  of  grass  and  weeds  on  the  downstream  slope  and  around  the 
drainage  ditch,  and  the  pool  of  stagnant  water  at  the  northwest  corner  of 
the  project. 


SECTION  4 


OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


Operational  Procedures 

a.  General :  Reservoir  Dam  is  used  exclusively  for  water  supply.  In¬ 
flow  and  outflow  are  based  on  water  supply  demand  within  the  system. 
The  fluctuation  of  the  reservoir  level  is  about  two  feet  during 
normal  operations  with  the  maximum  level  controlled  by  an  overflow 
pipe  at  Elevation  327  NGVD. 

b.  Warning  System:  No  warning  system  or  emergency  evacuation  plans  are 
in  effect  for  this  project.  (See  Section  7) 

Maintenance  Procedures 


a.  General:  The  dam  is  maintained  by  the  Kennebec  Water  District. 

The  site  is  visited  daily  by  members  of  the  Kennebec  Water  District 
staff.  Repairs  and  general  maintenance  are  performed  as  required. 


b-  Operating  Facilities:  At  the  project  site,  there  are  no  manual 

operations  necessary  during  normal  use.  The  check  valves  on  both 
supply  lines  are  left  open  at  all  times  and  the  reservoir  level  is 
monitored  by  a  recording  device. 

Evaluation 


The  operational  and  maintenance  procedures  required  at  the  Reservoir  Dam 
are  minimal.  There  does  appear  to  be  a  lack  of  general  slope  maintenance, 
that  is,  keeping  the  grass  and  weeds  trimmed. 


SECTION  5 


EVALUATION  OF  HYDROLOGIC  AND  HYDRAULIC  FEATURES 


General  -  The  runoff  from  the  watershed  area  above  Reservoir  Dam  is 
diverted  around  the  reservoir.  The  dam  is  located  approximately  two  miles 
above  the  town  of  Waterville  Maine.  The  catchment  area  of  the  reservoir 
is  0.25  square  miles.  For  the  Test  Flood  Analysis  the  24  hour  Probable 
Maximum  Precipitation  (PMP)  of  19  inches  was  used.  This  results  in  the 
dike  being  overtopped  by  about  six  inches. 

Design  Data  -  The  dam  embankment  is  approximately  735  feet  long  and  27 
feet  high  with  crest  at  Elevation  330  NGVD.  The  embankment  has  upstream 
and  downstream  slopes  of  1.5:1.  The  capacity  of  the  reservoir  at  various 
elevations  was  taken  from  a  table  used  by  the  project  operators. 

Experience  Data  -  No  past  hydrology  data  was  available. 

Test  Flood  Analysis  -  Because  the  reservoir  is  not  subjected  to  runoff 
from  the  watershed  area  above  it,  the  Test  Flood  Analaysis  was  performed 
using  only  direct  precipitation  into  the  reservoir  during  a  PMP  event. 

The  PMP  for  this  portion  of  Maine  is  assumed  to  be  19  inches.  The 
starting  elevation  of  the  reservoir  prior  to  the  PMP  is  taken  as  Elevation 
327,  the  invert  of  the  overflow  pipe.  The  top  of  the  dike  is  at  Elevation 
328  which  means  that  approximately  seven  inches  of  water  will  overtop  the 
dike.  Of  course,  this  is  assuming  that  the  overflow  pipe  is  not  passing 
any  water  which  is  not  altogether  realistic.  Because  of  the  small  area  of 
the  reservoir  together  with  the  12  inches  of  freeboard  at  the  pool’s 
maximum  operating  level,  Reservoir  Dam  is  expected  to  adequately  control 
the  Test  Flood.  However,  it  should  be  noted,  the  assumption  that  all  of 
the  upstream  runoff  will  be  diverted  around  the  reservoir  because  of  the 
dike  and  diversion  channel  may  not  be  true.  It  is  possible  that  some  of 
the  runoff  will  overtop  the  dike  and  enter  the  reservoir  but  a  flood 
analysis  to  take  this  into  account  is  beyond  the  scope  of  this  report. 

Dam  Failure  Analysis  -  The  maximum  water  surface  elevation  of  328.6  feet 
and  156  acre-feet  is  considered  in  dam  breach  analysis.  The  impact  of 
failure  of  the  dam  was  assessed  using  the  "Rule  of  Thumb  Guidance  for 
Estimating  Downstream  Dam  Failure  Hydrographs"  prepared  by  the  Corps  of 
Engineers.  The  breach  width  was  selected  to  be  35  percent  of  the  length 
of  the  dam  at  mid-height  257  feet.  The  downstream  discharge  from  the 
breach  of  the  dam  was  estimated  to  be  about  56,000  cfs.  This  discharge 
was  routed  downstream.  At  the  northern  end  of  Waterville,  the  flood 
surcharge  will  enter  the  residential  section  with  an  initial  height  of  4.4 
feet  and  volume  of  4000  cfs.  It  is  felt  that  a  wave  of  this  size  would 
cause  considerable  damage  once  it  reached  the  town,  especially  if  its  flow 
were  restricted  when  passing  through  the  residential  area.  The  downstream 
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flood  impact  area  is  outlined  on  the  Location  Map.  Between  the  dam  and 
the  northern  side  of  Waterville  some  9,000  feet  downstream  (Reach  26), 
there  are  no  residences  or  other  structures  which  would  be  damaged  by  the 
dam  breach  surcharge.  When  the  surcharge  reaches  the  homes  in  the 
northern  side  of  Waterville  it  is  expected  that  serious  property  damage 
and  loss  of  more  than  a  few  lives  would  result.  For  this  reason,  the  dam 
has  been  classified  as  a  high  hazard  potential. 


SECTION  6 


EVALUATION  OF  STRUCTURAL  STABILITY 


Visual  Observation 


The  visual  inspections  of  the  Reservoir  Dam  on  November  16,  1979  and 
March  10,  1981  revealed  a  sound  structure  with  no  evidence  of  instability. 
There  were  no  dips,  sags,  or  depressions  observed  in  the  embankment. 

Design  and  Construction  Data 

Original  design  and  construction  data  was  not  available  in  preparing  this 
report . 

Post  Construction  Changes 

In  1951  the  dam  was  raised  five  feet  and  the  dike  was  added.  In  1978,  the 
gunite  facing  was  replaced  with  a  rip-rap  cove,.  No  other  major 
structural  changes  were  performed  to  the  dam. 

Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  No.  2  and,  in  accordance  with 
recommended  Phase  I  guidelines,  does  not  warrant  seismic  analysis. 


SECTION  7 


B 


ASSESSMENT,  RECOMMENDATIONS  AND  REMEDIAL  MEASURES 


t 


7  . 1  Dam  Assessment 

a.  Condition  -  This  inspection  indicates  that  Reservoir  Dam  is  in  good 
condition  including  the  dike  and  diversion  ditch. 

b.  Adequacy  of  Information  -  The  lack  of  in-depth  engineering  data  did 
not  allow  for  a  definitive  review.  Therefore,  the  adequacy  of  this 
dam  could  not  be  assessed  from  the  standpoint  of  reviewing  design  and 
construction  data  but  is  based  primarily  on  visual  inspection,  past 
performance  history  and  engineering  judgment. 

c.  Urgency  -  The  remedial  measures  presented  below  should  be  inplemented 
by  the  Owner  within  one  year  of  receipt  of  this  Phase  I  Inspection 
Report . 

7 . 2  Recommendations 

a.  Drain  p.  ol  outside  dike  at  north  west  corner  of  reservoir  by 
connecting  to  the  drainage  ditch. 

b.  Place  shutoff  valves  inside  the  reservoir  on  both  the  two  inlet  and 
two  outlet  pipe  lines. 

7.3  Remedial  Measures  The  owner  should: 

a.  Establish  a  formal  downstream  warning  and  evacuation  plan  to  be 
implemented  in  the  event  of  an  emergency. 

b.  Establish  a  system  to  monitor  the  project  during  periods  of  intense 
rainfall . 

d.  Conduct  a  technical  investigation  of  the  project  every  two  years. 

e.  Obtain  and  maintain  a  set  of  as-built  drawings  and  inspection 
reports . 

f.  Periodically  trim  the  grass  and  remove  the  weeds  on  the  downstream 
slope  and  around  the  drainage  channel. 

7 . 4  Alternatives 

There  are  no  practical  alternatives  to  the  recommendations  of  Sections  7.2 
and  7.3. 
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APPENDIX  A 


FIELD  INSPECTION  CHECK  LIST 


INSPECTION  CHECK.  LIST 


INSPECTION  CHECK  LIST 


PROJECT 


Rs^prvnir  Dam.  Wat.srvi  Up.  ME 


DATE 


NftV«  16  ..  1312. 


PROJECT  FEATURE  Earthfill  Dam-water  spIv  KAJg  Stanley  S.  Marshall 
DISCIPLINE  Hvdro _  KA>£  J an  N.  Jonas _ 


AREA  EVALUATED 


HAM  EMBANKMENT 


CONDITIONS 


Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at  Concrete 
Structures 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespessing  on  Slopes 
Vegitation  on  Slopes 
Sloughing  or  Erosion  of  Slopes  or 
Abutments 

Rock  Slope  Protection  -  Riprap  Failures 

Unusual  Movement  or  Cracking  at  or 
near  Toes 

Unusual  Embankment  or  Downstream 
Seepage 

Piping  or  Boils 
Foundation  Drainage  Features 
Tee  Drains 

Instrumentation  System 


330  feet 
327  feet 

40,000,000  gallons  (elev.  327) 

None  visible 

Gravel 

“  Nona  visible 
None  visible 
!  Good 
f  Good 

j  Not  applicable 
Not  applicable 

None  visible 

Some  weeds  and  grass 
None  visible 

No  failures  visible 
None  visible 

None 

None  visible 
Runoff  drainage  ditch 
Same 
None 
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3ISSISCTICK  CHECK  LJS'J 


i  PROJECT  Reservoir  Dam,  Waterville,  ME  ME  Nov.  16,  1979  1 

PROJECT  FEATURE  Earthfill 

NAME  Stanley  S.  Marshall 

DISCELTZ  Hydro 

NAME  Jan  N.  Jonas 

AREA.  EVALUATED 

CONDITION 

CUTLET  WOE'S  -  ST-.EE  CHANNEL  Aim 

■  ii  i  ■  hi  hi  — — — 

a.  Approach  Channel 

Not  applicable  -  diversion 
ditch  by-passes  reservoir 

Slope  Conditions 
3ottoa  Conditions 
Rock  Slides  or  Falls 
Log  Boom 
Debris 


Condition  of  Concrete  Lining 
Drains  or  Weep  Holes 
b.  Intake  Structure 

Condition  of  Concrete 


I  Not  visible 

I 


Stop  Logs  and  Slots 


rrspzcTic:;  check  list 


PRCJECT  Reservoir  Dam  Waterville,  ME 


DATE  Nov.  16,  1979 


PROJECT  FEATURE  Earthfill  Dam 


KAMI  Stanley  S.  Marshall 


DISCIPLINE  Hydro 


KAME  Jan  N.  Jonas 


AREA  EVALUATED 


coionrci; 


OUTLET  WORKS  -  CEITROL  TOWER 


a.  Concrete  arid  Structural 


Valve  chamber  in  dam  embankment 


General  Condition 
Condition  of  Joints 


Spalling 

Visible  Reinforcing 
Rusting  or  Staining  of  Concrete 
Any  Seepage  or  Efflorescence 
Joint  Alignment 

Unusual  Seepage  or  Lea-.s  in  Gate 
Chamber 

Cracks 

Rusting  or  Corrosion  of  Steel 
b.  Mechanical  and  Electrical 
Air  Vents 
Float  Wells 
Crane  Hoist 
Elevator 

Hydraulic  System 
Service  Gates 
Emergency  Gates 
Lightning  Protection  System 
Emergency  Rover  System 

Lighting  System  in 


Operability  of  check  valve  not 

known 

N/A 


N/A 


INSPECTION  CHECK  LIST  r 

PROJECT  Reservoir  Dam  Waterville, -ME  LATE  Nov.  16,  1979 

PROJECT  FEATURE  Earthfill  Dam _  NAME  Stanley  S.  Marshall 

DISCIPLINE  Hydro _ NAME  Jan  N.  Jonas 


AREA  EVALUATED 

CONDITION 

OUTLET  V0?i3  -  TRANSITION  ANT  CCIDUIT 

General  Condition  cf  Concrete 

Rust  or  Staining  on  Concrete 

Spalling 

Erosion  or  Cavitation 

Not  visible 

Cracking 

Alignment  of  Monoliths 

Alignment _  of  Joints 

Numbering  of  Monoliths 

* 

DIKE  EMBANKMENT 

Crest  Elevation 

328  feet 

Surface  Cracks 

None 

Movement  or  Settlement  of  Crest 

None 

Lateral  Movement 

None 

Vertical  Alignment 

Good 

Horizontal  Alignment 

Good 

Trespassing  on  Slopes 

• 

None 

Vegitation  on  Slopes 

Heavily  grassed 

Sloughing  or  Erosion 

None 

Rip-rap  Cover 

Good 

Seepage 

None 

A- 6 


inspection  check  list 


PROJECT  Reservoir  Dam  Waterville,  ME 


Nov.  16,  1979 


PROJECT  FEATURE  Earthfill  Dam 


Stanley  S.  Marshall 


DISCIPLEZ  Hydro 


Jan  N.  Jonas 


AREA  EVALUATED 


CONDITION 


Approach  Channel 


Not  applicable 


General  Condition 


Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Approach  Channel 


V.'ei;  and  Training  Nalls 


None 


General  Condition  of  Concrete 


Rust  or  Staining 
Spalling 

Any  Visible  Reinforcing 
Ary  Seepge  or  Efflorescence 


Drain  Holes 


Discharge  Channel 


General  Condition 


Good 


Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 


Floor  of  Channel 


Other  Obstructions 


INSPECTION  CHECK  LIST 


APPENDIX  B 


PAGE 

B-2 

B-3 

B-4 

B-5 

B-6 


ENGINEERING  DATA 

LIST  OF  ENCLOSED  DRAWINGS 
TITLE 


Plan  for  Relaying  Paving  at  Reservoir  of  Kennebec  Water 
District,  July  1973. 

Improvements  to  Reservoir  Dam,  1951 

Reservoir  Record  Plan,  Improvements  Made  1951 

Contour  Plan  of  Completed  Reservoir,  Oct.  1,  1918 

Record  Plan,  Oct.  1,  1918 

Contract  Plans  -  Sheet  No.  2; 

Details  of  Dam,  Aug.  21,  1916 
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APPENDIX  C 


PHOTOGRAPHS 


I 


i 


SHALLOW 

POOL 

AREA 


>Lcr 


RESERVOIR 


Right 

Abutment 


Lett 

Abutment 


r  z-24 


Overflow 


Downstream 


Chanr-! 


LEGEND 


0  PHOTO  LOCATION 


Not  To  Seal* 

RESERVOIR  DAM 
PHOTO  LOCATION 

U  S.  ARMY  CORPS  OF  ENGINEERS 
PHASE  I  INSPECTION  PROGRAM 

|  omSEPT.  1981 


A1AIIV 


it*  titu 


1345-72 


"RULE  OF  THUMB11  GUIDANCS  FOR  S  ST  I  MATING 
DOWNSTREAM  DAM  FAILURE  HYDROGRAPHS 


=  12  S 


STEP  I:  DETERMINE  OR  ESTIMATE  RESERVOIR  STORAGE  (S:  IN  AC-FT  AT  TIME  OF  FAILURE 
STEP  2:  DETERMINE  PEAK  FAILURE  OUTFLOW  (Qpl). 

oo,  =  5'7  wbvg- 

Wa=  BREACH  WIDTH  -  SUGGEST  VALUE  NOT  GREATER  THAN  ij'-  OF  C'M 
LENGTH  ACROSS  RIVER  AT  MID  HEIGHT. 


Y0  =  TOTAL  HEIGHT  ’ROM  RIVER  BED  TO  POOL  LEVEL  AT  FAILURE. 

STEP  3:  USING  USGS  TOPQ  OR  OTHER  DATA,  DEVELOP  REPRESENTATIVE  STAGE-DISCHARGE 
RATING  FOR  SELECTED  DOWNSTREAM  RIVER  REACH. 


STEP  4:  ESTIMATE  REACH  OUTFLOW  (Q  ?)  USING  FOLLOWING  ITERATION. 

A.  APPLY  Qpl  TO  STAGE  RATING,  DETERMINE  STAGE  AND  ACCCPMANY ING 
VOLUME  ( V-, )  IN  REACH  IN  AC-FT.  (NOTE:  IF  ^  EXCEEDS  1/2  OF 
SELECT  SHORTER  REACH.) 

B.  DETERMINE  TRIAL  q  2> 

Qp2 !  TRIAL )  =  Qp,  (  I  ) 

C.  COMPUTE  V2  USING  Q  ,  ( To  I  A*_ ) . 

0.  AVERAGE  V-,  AND  V2  AND  COMPUTE  Qp2. 

Qp2  =  Op,  U-  ^  ) 

STEP  5:  FOR  SUCCEEDING  REACHES  REPEAT  STEPS  3  AND  A. 


APRIL  1973 


SURCHARGE  STORAGE  ROUTING  SU??LE^SMT 


STEP  3: 


STEP  4: 


a.  Determine  Surcharge  Height  and 
”STO R2‘ ’  To  Pass  "Qp2" 

b.  Avg  "STORi"  and  ,,STOR2,,  and 
Compute  "Qp3". 

c.  If  Surcharge  Height  for  Qp3  and 
"STORavg"  agree  O.K.  If  Not: 

a.  Determine  Surcharge  Height  and 
"STOR3"  To  Pass  "Ops” 

b.  Avg.  "Old  STOR.avg"  and  "STOR3” 
and  Compute  "Op*" 

c.  Surcharge  Height  for  Qp4  and 
"New  STORAvg"  should  Agree 
closely 


ESTIMATING  EFFECT  Of  SURCHARGE  STORAGE 
ON  MAXIMUM  PROBABLE  DISCHARGES 


STEP  1:  Determine  Peak  Inflow  (Qpi)  from  Guide 
Cu  rve  5 . 

STEP  2:  a.  Determine  Surcharge  Height  To  Pass 
“Qpi". 

b.  Determine  Volume  of  Surcharge 
(STORi)  In  Inches  of  Runoff. 

c.  Maximum  Probable  Flood  Runoff  In  New 
England  equals  Approx.  19",  Therefore: 

Q p 2  =  Qpi  X  (1  _  STORl  ) 

19 

STEP  3:  a.  Determine  Surcharge  Height  and 
"  STO  R  2  ’  ’  To  Pass  "Qp2" 

b.  Average  "STORi"  and  "STOR2"  and 
Determine  Average  Surcharge  and 
Resulting  Peak  Oulflow  "Qp3". 
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Client _ O&jlpA  0^  JrNG  llVFFtZZ _ lob  Ho  )3>Li£^iSl  Shoot  T.  »»  2  2 

Subject  _fc£/V./YzLJ3££ _ 2?i^i - »iJ2jZB2VJ2l  _  oat.  £-  ±kjJd 

\-&  1 1  lj &£  firtJlA't&Ll _ cu - *0» - 


'There 


twt(>r SjpiTu/of-j  £/y/J 

(*i  O'/C'/J-fovu  plfi  ^  l/tv  3  2/.  ^2*' 


i  //  a  y 


'5 


0»y  V*'  r 

AMU  A/S>e~f>Y 

,'«,  1-6  ft  ht>J 


^■^7  h*  fhT  * .  ™TT*L7-U>  w  ' 


Hr  foetal/*  &”  ae  PJP  '*  iuu'7eJ  h 

hr  <  jV  jpr-f /»!/«>**  tMMso»s.. 


KENNEBEC  DAM 

DAM  FAILURE  ANALYSES 


These  ca  1  cu  1  a  r  i  or  5  ars  par  f o rrned 
accord  in?  to  the  RULE  OF  THUMB 
procedures  of  the 
Corps  ot  E ri  9  meers 


T h a  breach  disc h a r  ?e * 

Opt  =  8,-2?  *  lib  :♦  •?  0 . 5  *  Yo-'.?/2 

1*1  h  ere.* 

Y o  is  the  height  ot  the  b r e a c h  ( 
t  r  m  ri  v  e  r  bed  to  t  h  e  rn  a  •?  .  p  o  ■*>  1 
level > 

Wb  is  -■  5  ■  of  the  1  ena  t  h  o  f  t  hp  d 
am.,  or  Wb  =  .35  ♦  Wd 

9  is  the  acceleration  of  t  h  e  9 r  a 
'■■  1  t  y  <  32:  .  2’  1 1  .-'sec  %2  > 


Yo  =  25.6  (.  *  t  > 

Wd  =  735  <.  f  t  > 

Wb  = 


From  above  equation.* 

Q  p l  a  56823  <  c  f  s > 

The  natural  c h a n n el  cross  sect io 
ns  a  re  s  i  dp  1  y  f  i  ed  as-  t  r  i  anau  1  a  r 
c  r  ri  s  s  section  s 

The  s  t  a 9 e - d i s c h a r 9 e  - e 1  a  t  i o n ship 
becomes  as ■ 

h  =  C  1  66 3  t  n  Tan  ( a  >  *  Q  /  C 

os  'a >'••£•-' 3  SA  .  5  3  '3--3.  .  .  I  > 

Where.' 

0  D  j  s  c  h  a  r  9  e  •"  c  t  s  > 

a  -  $ i d e  slope  a  n ale  * .  d  e  9  1 
S  =  C h  a n  n e 1  si o p e 


T  h  e  cross  section  A  r  e  a  r 
A  -  h  2  *  Tan f  a  ■'  ....<11  ■' 


The  .tme  of  the  Reserve*:  r, 
n  -  9  vac-f  t  ) 

o  r  ■ 

M  - 


(  ♦  ♦ 


3*  ■  0  0  a  c  u  b  - 1  t  1 


{ 


(AtAIIvj 

Client _ QO  (If  3.  OF  J?N  &  !  t/Fk  _ _  J«t  Ht.  jS^lS Lc_ll£2.  Sheet  at  ^>2>_ 

Subject f <.£N  NjL&££- _ 2?-i&4 _ tj  J£j2llZ\/jl Pete  j2 =J2Jl=£1 

_ rfi  >  j  if  xj~  Aha  /  y.y/  s _ cm - «»> - 


R  E  R  C  H  <  1  >  CRLCULRT I OHS 


Test  flood  discharge: 
Q t  =  0  (cfs) 

a  =  3.31  ( deg . > 

S  =  04 

n  =  .07 

L  =  350  < f  t >  • 


From  Formula  (I!*.. 

P  r  e  f  a  i  1  u  r  e  height, 
h  t  =  0  (  1 1  > 

From  Formul  a  < 1 1 )  , 
R 1  =  0  (svtt.) 


0  =  Qf  l  +  Cl  t 

From  Formula  (I), 
Total  Height, 
h  =  1 5  .  1  <  f  t  > 

From  Formul  a  <  I  I )  , 

Total  R  r  e  a . 

fi  =  3430  (j^-(t) 

Residual  Rrea, 

R2  =  R  -  Hi 

02  =  3430  '.ft-tO 


P  e  s  i  d  u  a  1  V  o  1  u  m  e  . 

VI  =  L  *  02 

t 1 1  -  1200727  <  ■;  u  b  —  ♦  t  > 


Op 2  =  Pel  *  (  1  -  VI  V'- 
Qp2  =  43117  ( c  f  s > 

From  Formula  C  I  >  , 

Q=Qp2+Q t 

0  =  46117  <cfs> 

h  =  1 4  <  f  t  > 

From  Formula  ( 1 1 > , 

R  =  2964  (ft) 


Residual  Rrea, 

02  = 

0-01 

R2  = 

2964  (ft 

> 

V2  * 

02  *  L 

V2  = 

1037692 

(cub 

-ft) 

V  a  v  g 

=  <  VI  + 

V2  > 

/  2 

Vavg 

=  1119209  (c 

u  b  -  f  t  > 

Qp2 

=  Qf 1  *  < 

1  - 

V  a  v  g  . 

Qp2 

=  46790  ( 

c  t  s ) 

F  r  om 

Formula  < 

I  > , 

Q  = 

Q  p  2  +  Q  t 

h2  = 

14.1  ''ft 

\ 

RESULT  S 


1  >  P  r  e  f  a  i  1  u  r  e  Height  =  0  ( 

2  .  )  Post  failure  Height  =  14 

<  f  t  ) 

3  11  Breach  Discharge  =  4679 


4  Reach  L  e  n  g  ♦  h 


350  •  ♦ t  1 


iWAIISI 


c  ii*M _ CJtffJL ££ _ WQlNFf£S. 

Subject _ {C^rJV  - 2?i^^3 - 

££LLAJl&£- _ FL^jLXSJS — 


Job  **.\Zk£s^$£2.  Sheet . 3-  o< 

b»  T-  0T<Ji/rt  __  Pete  0-04  -.81 

n*  Cm 


Qp2  s  qpi.*  (  i  -  vi  /  v) 

Qp2  =  39562  ( c  t  i ) 

From  Fo rmu 1  a  < I > • 

Q=Qp2+0 t 

Q  =  39562  ( c  f  s ) 


P  E  A  C  H  <  2  >  "CflLCULATI ONS 


Tsst  flood  discharae; 
Q  t  =  0  (cts.) 

3  81  Cdea  > 

04 
.  07 

350  (  t  t  > 


F  r oin  F o  rmu  1  a  <  I  )  , 
Prefailure  h  e  .  a  h  t  .• 

l-i  1  =  0  <  f 1  > 

F  rom  F o  rmu  l  a  (II)  .• 

ft  1  =  0  (st.tt 


q  =  Of  1  *  Or 

From  Formula  •■I.'.. 
Total  H  e  i  a  h  t , 

=  14.1  (  f t  > 

F  rom  Fo rmu la  <  IZ  '  > 
Total  R  r  e  a  - 
R  =  2997  (  sa- 1  t  ) 

P  e  •“  i  d  u  a  1  Area.. 

R  2  =  R  -  R 1 

R2  =  2997  <M-i;t) 


Residual  Volume- 
VI  L  4.  R2 


VI  = 


h  =  3  3  (ft) 

F  rom  F  o r mu 1  a  ( 1 1 >  > 

R  =  2642  (ft) 

Residual  Area.- 
R2  =  R  -  R1 
R2  =  2642  (ft) 

V2  =  A  2  4  L 

V2  =  924975  (cub- ft) 

V a v a  =  (  VI  +  V2  >  -  2 
V a u a  =  986998  (cub-ft) 

Qp2  =  Of  1  4(1-  V a v  a  /'  V  > 
Qp2  =  39989  (cts) 


F  rom  For  mu  la  (I  >  .- 
Q  -  Of  2  +  Qt 
h2  =  13.3  (ft) 


RF8ULT8 


1 .  )  P  r  e  f  a i 1 u  r e  H  e i a  h  t  =  0  (ft) 

2. )  Post  failure  Heiaht  =  13.3 

(ft) 

3. )  Breach  Oischarae  =  39989 

(  c  f  s  > 


1049O20  (cub-ft) 


D-13 


4 . )  Peach  L  e  0  a  t  h 


350 


(  t  t  > 


A\AII V 


am _ t'WfS  OF  £1±1LlM££ 

Subject _ fc/V  NLLJ~}£~£- - 2 1]t}££ - 

eajaiuul _ &r*£y.iu. 


Job  Ma.  C'f2  Sheet  j]2  al  3  3 


Date 


P  E  ft  C  H  (  3  >  CRLCULRTIOM; 


Test  Mood  dischar* 
Q  t  =  0  <  c  f  s  > 

a  =  3.81  (  dea  > 

3  =  .04 

n  =  07 

L  =  350  (ft) 


Qp2  =  0f1  *  (  1  -  VI  / 
Qp2  =  34498  (cfs) 

F rom  Formul  a  ( I  > .. 
Q=6p2+Q t 

Q  =  34498  (cfs) 


h  =  12  (ft) 

From  Formula  (II), 
ft  *  2384  (ft) 

Residual  Rrea, 

R2  =  R  -  HI 
R2  =  2384  C  1 1 ) 


From  Formula  ( I  >  , 
Prefailure  height) 
h  1  =  0  (ft  > 

F  rom  Fo  rmu la  (II) 


R1  =  0  (si. ft 


V2  *  R2  X  L 

M2  =  834882  (cub- ft) 


Mave  =  <  Ml  +  M2  )  x  2 
Maw?  =  883570  (cub-ft) 


Q  =  Qpl  +  Q + 

F  rom  F o  rmu  1  a.  ( I  >  • 
Total  He  i  ah  t 
h  =  133  (ft) 

From  F o r m u 1  a  (II > , 
Total  h  r  e  a  .. 

Ft  *  2884  (si-f  t) 

Residual  R  r e  a  > 

R2  =  R  -  ftl 

R2  =  2884  (  s 9,  —  f  t  ) 


Qp2  =  Qp  1  T  1  —  Maw  a  x  v  > 
Qp2-  =  34788  (cfs) 


From  Formula  tl> 
0  =  Qp2  +  0 1 
h2  =  12.8  (ft) 


RESULTS  : 


Residual  Volume.. 

Ml  =  L  *  R2 

Ml  =  932453  (cub-ft) 


1  .  >  P  r  e  f  a i 1 u  r  e  H  e i a  h t  =  O  (ft) 

2.)  Post  failure  Keieht  =  12  8 

(ft) 

3  >  Breach  Discharge  -  3^738 

-  c  *  s  ) 


4  )  Reach  Length 


350  (it  ,i 


Op  2  =  Op  1  t  < 

1  -  VI  V ) 

Op£  =  30484  ' 

C  f  S  > 

From  Formula  1 

a  > , 

• 

i?=Qf-2+Q  t 

Q  =  3  ill  4  8  4  (cts  > 


P  E  A  C  H  <  4  >  CALCULATIONS 

Tejt  flood  discharge 
o t  =  o  (cfs > 

h  =  12  <:  1 1  > 

F  r  on  F  o  r  m  u  1  a  ( 1 1  > 

fi  =  2173  (ft) 

• 

a=  3.81  < dee . > 

8  =  .04 

Residual  Area,. 

• 

r-  =  87 

L  -  350  if*.) 

fl2  =  fi  -  fi  1 

R2  =  2173  <  1 1  > 

From  Formula  '■  I  >  / 

V2  =  fi£  4  L 

'  • 

p re  failure  height, 

V2  =  760721  i cub- ft) 

h  1  =  0  Cft > 

From  F  o  r  m  u  1  a  <  1 1  >  .• 

V  a  v  s  =  (  VI  V2  )  /  2 

Vav  •?  =  80031  1  (cub-f  t  ) 

’  • 

fi  1  =  0  (svt».) 

Q  =  Qpl  +  Ot 

From  Formula  <!').• 

Total  Hoi  an t  . 
h  -•  12.8  <.  f  t  > 

0p2  =  OpI  t  <  1  -  Vav?  V  ) 

Qp2  «  30687  <cf r) 

From  Formula  '  I  ' . 

'  • 

F  r  o  m  F  o  r  m  u  1  a  I  I  >  .■ 

Total  fi  r a  a • 

R  *  2  3  8  8  «■  t  -  f  t 

P.  e  s  i  d  ua  1  R  r  p  a  ■ 

R2  =  R  -  R 1 

0  ~  Op 2  +  0 t 

h£  =  1  £  C  t  t  > 

RESULTS  = 

• 

R2  =  238  8  («i-+t) 

Peri d  u  a l  V  o 1 u  m * • 

vi  =  L  t  R2 

VI  =  833  3  01  < c u b -ft) 

1  )  Pretai  lure  Height  =  0  ■  ♦  r  .• 

2  .  >  Post  failure  Height  =  12 

(ft) 

3 .  >  Preach  Discharge  =  306  8 7 

• 

D-15 

;  cts'1 

4  )  Reach  Lene*h  =  350  1  t  t  ■. 

• 

[AAAirMJ 

Client _ Qpffs  OF  JrN  0  /  IVFt  £  £ _ Job  N».  )3 Cfj  Sheet  /^ol  32 

Subject  M£.  \L£<2 _ V&* d _ Be  T-  OTO^J^  _  Pate  D~  D  h  -  &! 

E£ll  t-fAS _ d^.JrXSJ- 1 _ CM - Ret. _ 


R  E  R  C  H  <  5  >  CRLCUL  AT  I ONS 


Te;t  flood  diichar?* • 
0 1  =  0  (cfs> 

a  =  3.91  (dee.) 

S  =  .04 

n  =  0  7 

L  -  350  (ft  ’> 


From  Formula  (  I  ) 

Pre failure  heishf* 
hi  =  0  (ft  > 

From  F  o  r  m  u  1  a  •  '  1 1  >  .■ 
R  1  =  0  (SA.ft  '? 


f 1  —  Q  f  1  +  0  t 


Fro 

m 

For  rn  u  1  ; 

{ 

r ' , 

Tot 

al 

Height 

h  = 

12  (ft  > 

Fro 

m 

F  o  r  rn  u  1  a 

\ 

1 1 

Tot 

al 

R  r  e  a  , 

R  = 

2194  (  =■ 

\  * 

f  t  > 

F'e- 

i  d  u  a  1  Are 

•5  • 

R2 

= 

R  -  R 1 

R2 

= 

2134  ( 

- » t 

Re? 

l  d 

1  u  a  1  V  o  1 

um 

e, 

0  1 

= 

L  *  R2 

01 

= 

764514 

( 

cub 

C!p2 

=  OfI  t  ( 

1  - 

0  1  ./ 

Qp2 

—  <57571 

i.  i  il  ■  J*  <1 

c  f  s 

) 

F  rom 

Formula  ( 

I  )  • 

0=0p 

2  +  Q  t 

Q  = 

27232  (cf 

•ST  1 

h  = 

11  (  f  t  > 

From 

F  o  r  m  u  1  a  ( 

II) 

> 

R  = 

1997  (ft) 

Residual  Area.- 

R2  = 

R  -  fll 

R2  = 

1997  (ft 

'» 

02  = 

Ry:  4  L 

V2  = 

699009  ( 

cub 

-ft) 

Ua"'e 

=  (  V 1  + 

','2 

>  2 

V  a  v  a 

=  731761 

(  c 

u  b  -  f  t 

Op  2 

=  QpI  4  ( 

1  - 

0  a  V  o 

Of  2 

=  2733  0  ( 

c  t  s 

> 

From 

F  o  r  m  u  1  a  ( 

I  > , 

Q  =  Op 2  ■*■  Or 
h2  =  1 1 . 5  ( f  t  > 

RESULTS  : 


1 .  *  Pre failure  H e i a h t  =  o  v t  t > 

2  )  Postfailure  H e i a h t  =  11  -. 

(  M) 

3 .  ■  Breach  Discharge  =  2739 0 


D-l  6 


4  >  Reach  L  e  n  ■?  t  h 


f/v\Airv; 


cii««t _ 0  0  $  PS  OF  /rN.6  nvf£f££. 

Subject fcjV/V'  £  1 'll  - Q.&W — - 

£All  lule. _ Axsas — 


Job  Ho.)3-k£.~Jj3iZ  Sheet  13  of_^M_ 

By  Ti  QTOs/rt  -  D,r*  0-  00  -*7 

Ckd _ Ret - - 


Q.pZ  =  Qp  1  *  (  1  -  Ml  ■  V) 


0p2  =  24550  <cfs> 

F rom  F o r m u la  <  I ) , 

Q=C‘p2+Q  t 

Q  =  24550  ( c  f  s ) 

P  E  A  C  H  <  6  >  CALCULATIONS 

h  =  11  <  f  t  > 

Test  flood  discharge- 
Q  t  =  0  t  c  t  s  ) 

F  rom  F o  r mu  1  a  <  II).- 

A  =  1847  (ft) 

a  =  3.81  < dee . ) 

S  =  04 

f*  —  ,07 

L  =  350  <  M) 

Res  i  du  a  1  A  rea  .- 

A2  =  A  -  A 1 

A 2  =  1847  (ft) 

F  r  <:<  m  For  m  u  l  a  <  I  >  , 

V2  =  A2  *  L 

Pre failure  height .. 

V2  =  646718  (cuD-f t) 

h 1  =  O  (ft  > 

F  r  o  m  For  m  u  1  a  <  II) 

Va-..-g  =  (  Vi  +  V 2  )  ✓  2 

A 1  ~  O  <  s  ^  •  f  t  .  > 

Vavg  =  674288  (cub-ft) 

Q  =  Qf  1  +  Q.  t 

Pf2  =  Or  1  T  <  1  -  V a v g 

V  ) 

F  r  o  m  F  o  r  m  u  1  a  i  I  >  .■ 

Total  Height .. 

h  =  11.5  <  f  t  > 

Qp2  =  24661  ( c  f  s ) 

From  For  m  u  1  a  <  I  >  .- 

c  r  o  m  F  o  r  m  u  1  a  <  1 1  ’:>  > 

Total  Are  a  .- 
A  =  2005  (s  t-f  t > 

Q  -  Q  p  2  +  Q  t 

h2  =  11.1  •:  f  t  > 

R  e  s  i  d  u  a  1  Are  a .. 

A  2  =  A  -  A 1 

A2  =  2005  (st-M) 

RESULTS 

Residual  Volume.- 

1  .  1  Prefailure  Height  = 

0  •:  1 1 

VI  =  L  *  A 2 

VI  =  701857  ( cub- ft) 

■  2  >  Post  failure  Height  = 

<  t  t  ) 

H  i 

3  .  1  Breach  0 i s  c h a r  g  e  - 
('  c  f  s  ) 

2  4  €  *  A 

D—  1 7 

4.  '  Reach  Length  =  350 

1 1 

\ 


[mai  IX  ] 

Client _ OF  M^!jLlMLk-£S _ —  ,#b  No.  Sheet  °< — :~LL_ 

Sobject__(OrN/YiLi^£Z: _ V.&A -  8y  T  £BZ]/>4 OaU  jZ=j 2Aj^£I 

_ \-A  /  J  II  X  i£  fiNf)  /  YAV  S _ Ckd. - Rev - 

V'V*;  Qp8  -  Qpl  *  (  1  -  wi  -••  V) 

Qp2  =  22305  Ccti) 

rrom  Formula  <  I  >  .• 

Q=Qp2  +  C' t 

Q  =  22305  ( c  f  s ) 


1 

4 


F:  E  fi  C  H  (  7  >  CALCULATIONS 


Test 

t loo  d  d i s ■ 

;  h  a  r  ■?  e  : 

Qt  = 

0  (  c  t  s  .■ 

a  = 

3.81  <sdee 

> 

C*  — 

04 

n  = 

07 

L  = 

350  (ft) 

F  r  o  m 

Formula  < 

I  :■ , 

P  re  f  a 

i lure  h e i 

a  h  t  , 

hi  = 

0  <  f  t  > 

p  r  o  m 

F  o  r  m  u  1  a  C 

I  I  >  , 

fll  = 

O  (Jt.  ft 

.  ) 

Q  =  QfI  +  Qt 

F  r  o  nt 

F  o  r  m  u  1  a  ■( 

I  :■ , 

Total 

H  e  i  ?  h  t  j 

h  = 

11.1  <  f  t  > 

F  r  o  m 

F  o  r  m  u  1  a  f 

I  I  >, 

Total 

Area  .• 

R  = 

1854  (n- 

i  t  > 

Pec i dua 1  Area- 

A2  = 

A  -  R 1 

A.?  = 

1854  ' s  t 

-ft) 

Residual  Vo  1  urn 

ie  • 

VI  = 

L  t  A2 

01  = 

6  4  3  9  1  3  ■. 

cub-tt) 

h  =  1  0  '  t  t  ) 

From  Formula  <II>> 
R  =  1712  (ft) 


Residual  Are 

a  « 

A2  = 

A  -  A1 

A2  = 

1719  < 

t  t 

) 

V2  = 

A2  4:  L 

V2  = 

<501829 

if 

cub  -  f  t  > 

V  a  v  a 

=  <  VI 

t- 

i„i  o  >  /  2 

V  a  v  a 

=  8253 

71 

<  c  u  b  -  f  t 

Qp2 

=  QpI  t 

if 

1  -  V  a  v  ? 

Qf-2 

=  22390 

< 

c  t  s  > 

F  rom 

F  o  r  m  u  1  a 

if 

I  > , 

Q  '  = 

Qc-2  +  Q  t 

h2  = 

10.7  ■•; 

f  r 

> 

RESULTS 


1  .  >  Prefailure  Height  =  0  ■■ft)1 

2  ''  P  o  s  t  f  a  i  1  u  r  e  Height  =  10.7 

<  f  t  ) 

3  .'■  B reach  Discharge  =  22 3 9 0 

r  c  t 

4  .  ■ 


D-18 


Peach  L  e  tv?  t  h 


350  v  * 


fA\Air<) 

Client _ .&#£$  OF  J?NGlVFf£S. _ )ob  No.  \ZUS~.l  U  Sheet  {£  ot^L. 

Subject _Jfi^NN£  Y!>£C _ VfiVL - By  T  QjO_\/0__  Date 

£j4_LLLUU£  A*#  AJ-Sl-S - Ckd - *«’ - # 

Qp2  =  Of  It-  1  -  ■ 

Q p 2  =  20400  -■  cts> 

F  rotii  Formula  (  I  -  ..  • 

Q = Q  p  2  +  Gt  t 

Q.  -  2S4  0  O  -  cts  > 


R  F  ft 

C  H  <  8  >  CRLCULRT I  OHS' 

h  =  10  (ft > 

• 

From  Form u la  (II  >  > 

Tost 
n  t  = 

f  1  o o d  discharge- 
0  (cts) 

R  =  1803  (ft) 

a  = 

C’  — 

n  = 

L  = 

3.81  <  d  o  a . > 

04 

.07 

3  o  0  ( 1 1  > 

Residual  fire  a  > 

R2  =  R  -  ft  1 

R2  =  1803  (ft) 

• 

F  rom 

F  o  r  rn  u  1  a  <  I  >  .• 

02  =  P2  *  L 

• 

Pr*t3 

i  1  u  r  e  hoi  ■?  h  t , 

02  *  58288?  (cub-tr) 

hi  = 

0  (  1 1  > 

Vave  =  VI  +  U  >  >  r  2 

Fro  m 

F  o  r  rn  u  1  a  (II  >  > 

Vav?  =  583210  <cub-tt> 

• 

fll  = 

0  (  s  \  .  f  t  .  > 

Qp2  =  G'f-1  *  <  1  -  Vav? 

\t  > 

Q  =  Q  p  1  +  Q  t 

Q  p  2  =  20487  (cts) 

F  rom 
Total 
h  = 

F  0  r  rn  u  1  a  <  I  >  • 

Height , 

10.7  (  f  t > 

From  Formula  (  I  )  .• 

• 

F  rom 
Total 
R  = 

F  o  r  rn  u  1  a  (  I  I  >  • 

Area, 

1724  (st-t  t) 

Q  -  0  p  2  +  i3 1 

h2  =  10.3  (ft) 

R  *  x  i  d  u  a  1  firns, 

R2  =  H  -  Hi 

R 2  =  1724  < s \ - t  t  > 

RESULTS  - 

• 

Res  i  du  a  1  V o  1  u rn e  , 

1.)  Prefailure  Height  = 

f*  f  t  > 

VI  = 

L  t  R2 

2  .  >  Post  failure  H  e i a  h  t 
(  f  t  > 

=  10  7 

• 

VI  = 

803558  (cjb-tt) 

3  1-  Breach  Discharge  = 

2  0  4  8  7 

c  f  £  - 


D-19 


4 . )  Roach  Length 


350'  <  i  t  - 


(A\Airvjj 

client _ OMfA _ &£ _ £HJUM££± - 

Subject _ izjV  tihJ&££. - - 

_ tJ^-LLLjJS-E.  flMAJ-YStS. - 


Job  Ns.  )/?^P-  t /'f2  Sheet  1&  ot  3.  ?- 

»y  T.  l^TtPL/K?  Date  jl=j2As  £l 
Ckd _ •?*»■ - - - 


P  E  A  C  H  <  9  >  CALCULATIONS 


Test  ♦ 1 o  o d  d i s c  h  a  re  e : 
Q  t  =  0  (Ct:> 

3.81  <  d  e  e  .  > 

.  04 
07 

350  (  f  t  > 


Front  Formula  <  I  >  .■ 
Prefailure  h e i e h t , 
h  1  =  8  (  t  t 

F  r  o  m  F  o  r  m  u  1  a  (  I  I  >  j 
A  1  =  0  <  s  e  .  t  t  .  > 


q  =  Q  p  i  +  Q  t 

From  F  o  r  m  u  la  (I  >  .• 
Total  Height, 
h  =  10.3  < f  t > 

F  r  o  rn  F  o  r  m  u  l  a  (II  • 
Total  Area.. 

A  =  1812  (Jt-ft; 

P  e  s  i  d  u  a  1  Area.. 

A  2  =  A  -  A 1 

A2  =  1812  <se-*t> 


Residual  0 olume 

01  =  L  *  A 2 

01  =  584  2  5  O  < c ub-tt ) 


D-20 


0p2  = 

Qp 1  i  <  1  - 

0 1  y  ' 

Qp2  = 

18787  (.  c  t ;  ' 

\ 

Fro  rn 

For m u la  <  I  >  , 

Q=Qp2 

: + Q  t 

Q  = 

18787  < c  f  s  > 

h  = 

10  (H) 

F  rom 

For  m  u 1  a  <  I  I  > 

A  = 

1510  (tt) 

Residual  Area* 

R2  = 

A  -  A1 

A  2  = 

1510  <  f  t  > 

02  = 

R2  *  L 

V2  = 

5 2 8 710  <  cub 

-  t  t  > 

U  a  v  e 

=  <  VI  +  02 

>  /  2 

V  a  v  a 

—  54848  0  < c 

ub- 1 1 : 

Qp2  ■ 

=  Q  pi  1  (  1  - 

V  a  v  e 

Qp2 

=  13320  (cts 

> 

F  rom 

F  o  r  m  u  1  a  I  .• 

Q  = 

Q  f  2  0  t 

h2  = 

1 0  t  t  > 

PFSULTS  = 

1  > 

F'retaj  lure  Hei  ght 

2  '> 

Post  t  a i 1 u  r  e  r 

-te  l  eh  t 

<  ft > 

•  i 

Brea c h  D i s  c  h 

a  r  e  e  — 

i.i  ■'  t  t  i 
10 

1  8  8  2  0 


.;ts' 


4  '•  Peach  Length 


35  0  <  t  t  i 


MAIN 


Client _ fidffs  -OF _ £NAJM££J^S, 

Subject _ - Vi$M - 

_ ££.U±pU£. _ &JZILL  yJOlJL — 


lob  No.  )3k£LzJjf2.  Sheet  Zj?  of  32— 

By  r.  OTO B,t.  O-QO-d’J 

Ckd _ Re» - - 


P  E  A  C  H  <  10  >  CALCULATION 


Test  Mood  discharge- 
P  t  =  0  <  of  s 

■a  -  1.15  (dee  .) 

S  =  0133 

n  =  .  07 

L  =  350  (ft > 


F  r  o  m  For  rn  u  1  a  (  I  ]i 

F'f-t  a  i  lure  height* 
hi  =  0  (  t  t  ' 

Fro  hi  F  o  r  tii  u  1  a  (  I  1  .• 

PI  =  0  CsaM  .  .) 


0  =  o  f  1  +  O  t 

F  r  O  fti  F  o  f  hi  U  la  (I  1  .• 

T  o t a  1  He i ?h  t  , 
h  =  7  3  >.  t  ♦  .) 

F  r o  ric  F  o  r  m  u  la  •:  I  I  '>  , 
Total  H  r  e  a  ■ 

P  =  30  8  4  ( s  a  - t  t > 

c' a  r  l  d u a  1  fire  =t) 

H  2  =  h  -  h  1 
R 2  =  3084  ( s  a - t t > 


F“.r  id u a  1  V o  i  u m a  ■ 

"  1  =  L  t  H2 

"1  =  1078542  (cub-tM 


Of 2  =  Qp  1  *  <  1  -  VI  r 
Of 2  =  15828  <cts> 

F  rom  F  o  rmu  1  a  (  I  ■ 

0  =  Qp2  +  0  t 

Q  =  15828  •  •  c  t  s  > 

h  =  7  (  t  t 

Fro  hi  Formula  (II.1.. 

R  =  2708  (ft) 

Residual  fires. 

R2  =  fi  -  HI 
A2  =  2708  ( t  t ) 

V2  *  ft 2  *  L 

>J 2  =  848080  (cub-tt) 

Wav?  =  <  w l  +  V2  >  /  2 
W ava  =  1013 8 1 6  < c u b - 1 1 ) 

Qf2  =  Of  1  (  1  -  Wav-9  /  V  > 

Of- 2.  =  18011  (cfe  ) 

From  Formula  (  I  > 

Q  a  Qf2  +  |jt 

h2  =  7  4  (  t  t  > 

RESULTS  = 


1  '■  Prefai  lure  Hereht  =  C  (  t 

2.1-  Post  failure  Heieht  =  7  4 

(Mi 

3.)  Breach  Discharge  =  ISO  11 


D-21 


4  1  Reach  Length 


350  lit. 


A\AIIM 


Job  Shoot  ,/j?  of_3 


0p2  =  QpI  *  (  1  -  VI 
Q  p  2  =  13756  (  c  f  s  > 

From  Formula  (  I  >  .. 

|7l  =  Qp  2  +  l"!  t 

Q  =  13756  <cfs> 


R  F  A  C  H  (  11  )  CALCULATIONS 


h  =  6  (ft) 


Test  flood  discharge 
G)  t  =  0  C  f  5  > 

a  =  1.15  (dee .  >  ■ 

S  =  0133 

n  =  07 

L  =  350  (ft) 


F  rom  F  o  r  mu  l  a  (  1 1  >  > 
A  =  2438  < f t > 

Residual  Area.. 

A2  =  A  -  R1 
A2  =  2438  (ft) 


Prom  Formula  (I).. 
Prefailure  height. 


V2  *  A2  *  L 

V2  =  853380  (cub-ft) 


h  1  =  0  v  f  t  > 

From  Formula  II)  .• 


A 1  =  0  <-s\  .  f  t  ) 


Vav?  =  (  VI  +  V2  )  r  2 
Vao<?  =  904820  (  cub-  f  t  ) 


Q  =  Q  p  1  +  0 1 

F  r  o  m  F  o  r  m  u  1  a  (  I  >  * 
Total  H  e i a  h  t , 
h  =  7.4  (ft > 


Qp2  =  Qf-1  T  <  1  -  Vave 
Qp2  =  13877  (cfs) 


From  Formula  (I) 


From  F o rrnu  1  a  (  I  I  >  ; 
T  o  t  i  1  Area.. 

A  -  2  732  ( s  a - f  t  > 


Q  “  Qp2  +  Qt 
h2  =  7  ( 1 1  ) 


Residual  Area  .• 

A2  =  A  -  A 1 
A 2  =  27  32  < si-f  t ) 


RESULTS  = 


R  e  ■  i  d  u  a  1  V  o  1  u  m  e  ■ 
VI  =  L  *  A2 


1  .  ■>  Pretai  lure  Height  = 

2  .  >  Post  tail u re  Height 


VI  =  9 5 6 2 6  1  (  c u b -  f  t 


7  >  R reach  Discharge  = 
c  f  s  "> 


4  )  Reach  Length 


1 


I 


r 

i 


fA\Airv) 

Client _ (IdftP.S.  0  F  jtrN 0 /A/J- 1  C _ 1«&  Ha-  \2l[lS Sheet  /^L  el  — 

Subject _ K<FJV _ 22 ^ _ By  T  Qhh Z*1  —  Date  SLj2Ajl£l 

_ I~t4  / 1  1 1  si  EL  A* *L  /  V  AV  j- _ CM - Re» - 


a 

X 


REACH  <  12  >  CALCULATIONS 


Test  flood  discharge' 
0 1  =  0  <cis> 

a  =  1.15  <  dee  > 

S  -  .0133 

n  =  .07 

L  =  350  < f  t  ) 


From  Formul  a  <'  I  >  .• 
Prefailure  height .. 
h  1  =  O  <  f  t  > 

Fro  m  F  o  r  m  u  l  a  <.  I  I )  > 
fil  =  0  <sa  f  t  .  ) 


P  =  Q  p  1  -t-  Q  t 

From  Formula  I  >  .• 
Total  H  e  i  ■=  h  t  .. 
h  =  7  <  f  t  > 

F r o m  F o r m u la  <  I  I  .>  • 
Total  Area. 

A  =  24  54  (.-t-f  t 

Residual  Area . 

A2  =  A  -  A1 
A 2  =  2454  '  si- t  t ) 


R  e  s  i  d  u  a  1  o  1  u  m  e  ■ 

ot  =  L  *  A 2 

0  1  =  8  5  '3  0  1  A  <  c  u  b  -  f  t ) 


Q  p  2  =  Q  p  1  t  <-  1  -  01  s  Kf  > 
Dp2  =  12122  '■  c  f  s) 

From  Formula  <  I  >  .■ 

0=QP2+0t 

Q  =  12122  <cfs> 

h  =  6  (ft) 

From  Formul  a  <  I  I  >  ■ 

A  =  22 17  ( t  t ) 


Resi- 

dual 

Area.. 

A2  = 

A  - 

A 1 

A2  = 

22 

17  (ft 

) 

V?  = 

A2 

*  L 

02  = 

7  7 

6160  ( 

c  u  b 

-ft) 

Vava 

=  < 

VI  * 

02 

}  s  2 

0  a  v  s 

= 

817588 

C  c 

u  b  -  f  t  > 

Qp2 

=  Qf 

1  * 

1  - 

V  a  vs 

Op  2 

=  1 

2207  < 

cts 

> 

F  ronri 

For 

m  u  1  a  ■' 

I  > , 

0  = 

Qp2 

+  Qt 

h2  = 

8 

6  <  f  t  > 

RESULTS 


D-23 


1  )  Prefailure  H  e  i  •=»  h  t  =  0  <  t  t  > 

2 .  )  Post  failure  H  e i s  h  t  =  8  6 

(ft) 

7.)  Preach  Discharge  =  12207 

cfs> 


4  >  R e a c h  Length 


50  V  t  t 


o»2  =  Qp l  t  <  1  -  vi  -  v) 


Qp2  =  10804  rets) 

From  Formula  I), 

Q=Qp 2+G!  t 

0  =  10804  <cts> 

R  E  fi  C  H  <  13  >  CALCULATIONS 

h  =  6  C  1 1  > 

Test  flood  dischar-?*- 
Q t  =  O  (cts) 

F  rom  F o  rmu l  a  c 1 1  > , 

A  =  2034  eft) 

a  =  1.15  < da? . ) 

S  =  0133 

n  =  07 

L  =  350  C f  t  > 

Residual  Area, 

A2  =  A  -  A 1 

A2  =  2034  <  f t  )  ■ 

' 

From  Formula  Cl'1.- 

V2  =  A2  *  L 

Pretai lure  height. 

V 2  *  711376  Ccub-ft) 

hi  =  0  (ft) 

Fro  m  F  o r  m u la  ( 1 1 >  , 

Vavg  =  C  VI  +  V2  >  2 

AJ  =  0  Cs^i.ft  ) 

V  a  v  g  =  746033  C c  u b - f t ) 

Q  =  QfI  +  Qt 

Op 2  =  QfI  *  C  1  -  Vavg  /  V  ) 

f  rom  Fo  rmu  la  Cl  > .. 

Total  Height, 
h  =  6  6  CM  > 

0  p  2  -  1  0  8  6  5  C  c  f  s  ) 

F  rom  Fo  rmu 1  a  C I ) , 

From  Fo  rmu 1  a  C I I > , 

Total  Area, 

fl  =  2223  Cs<t-ft> 

Residual  Area, 

R2  =  A  -  A 1 

A2  =  2223  Cs-*-M> 

0  -  Q  p  2  +  0 1 

h2  =  6.4  (ft) 

RESULTS  : 

Residual  Volume, 

1  .  >  Prefailure  Height  =  Q  -ft, 

VI  =  L  *  A2 

VI  =  780221  C cub- ft) 

2.)  Post  failure  Height  =  6  4 

(ft) 

D-24  "  Breach  Discharge  =  1066^ 

'  c  f  s  ) 

4  >  Reach  Length  =  350  Ctt  - 

Subject pC-  £/V/Vi£_)3  _ Qjp/l 


AVAIISI 


Lli/Sy  Q‘f2  Sheet  2l  ot_33 


REACH';  14  >  CALCULATIONS 


Test  f loo d  discharge: 

Q  t  =  0  (.  c  t  i  ) 

a  =  1.15  (dee . > 

S  =  0133 

n  =  .07 

L  =  350  <  f  t  > 


From  Formula  (  I  )  .- 
P re  failure  height* 

h  i  =  o  •;  1 1  > 

From  For  m u 1  a  (II)  > 
fll  =  0  (st  .  t  t  .  ) 

Q  =  Q  p  1  +  fit 

F  r  o  rn  F  o  r  m  u  la  (I  > 

Total  Hoi  ah  t  .■ 
h  =  6 . 4  (ft.) 

Fro  m  c  o  r  m  u  1  a  ■'  1 1  >  > 
Total  A  r  e  a  .• 

A  =  204  2  (st-M; 

Residual  Area- 

R2  =  A  -  At 

A2  =  2042  'st-tt) 

Residual  Volume- 

VI  =  L  *  A 2 

VI  =  71500c-  (cub- ft) 


Qp2  =  Qpl  Til-  VI  /  V ... 
Qp2  =  3721  ids) 

From  Formula  (  I  > .- 
0=Qp2+Q t 


Q  = 

9721  <c is 

) 

h  = 

6  (ft) 

F  rom 

Form  u la  < 

I  I  > 

A  = 

1879  (ft) 

Residual  Area.- 

A2  = 

A  -  A1 

A2  = 

1879  (ft 

> 

>.12  = 

A2  *  L 

V2  = 

657767  < 

cub 

Va<.-9 

=  <  VI  + 

V2 

Vave 

=  686386 

(  c 

Qp2 

=  QpI  t  < 

1  - 

Qp2 

=  9767  <  c 

f  s  ;< 

F  rom 

Formul a  ( 

i  > , 

P  := 

Of-2  +  Qt 

h2  = 

6.1  (ft) 

RESULTS  : 

3  > 

P  re  f  a l lure 

He 

2  > 

Pos  t  f a i 1 ur 

e  H 

<  t  t  ) 


D-25  7.  -  Breach  Discharge  =  374 

c  f  s ) 


>0  •  ♦  t 


^  ^  P^-aCh  L  &  n  3  T  h 


MAIN 


Qf  2  =  QpI  t  (  1  -  W1 
Qp2  =  3813  (cts> 


From  Formula  ( I > , 

0=Qp2+Q t 

PERCH':!  15  >  CALCULATIONS 

Q  =  8313  (cfs> 

h  =  5  (  f  t  > 

• 

Test  flood  discharge 

From  F o rmu l  a  (II  , 

0  =  1746  (ft> 

Qt  =  0  (c'fs> 

Residual  Area.. 

• 

a  =  1.15  (dee  > 

02  =  0  -  01 

3  =  0133 

n  -  .  ij  f 

L  =  350  <  f  t  > 

02  =  1746  (ft> 

W2  =  02  t  L 

Prom  Formula  <  I  > 

V 2  =  611359  (cub-ft> 

Pre failure  height.. 

h  1  =  0  (  f  t  > 

Wave  =  <  VI  +  V2  >  ✓  2 

F  r  o  m  F  o  r  m  u  1  a  (  I  I  >  .• 

Vavg  =  635724  (cub-ft> 

• 

91  =  0  (sa .  f  t  > 

- 

Qp2  =  QpI  *  <  1  -  Vav.-e  /  V  > 

Q  =  Qp-l  +  Q  T 

Qf-2  =  3353  ( c  f  s  > 

. 

■* 

• 

From  Formula  <  I  • 

From  Formula  (I), 

Total  Height, 

h  =  61  (ft > 

Q  =  Q  p  2  +  Q  t 

v 

F  row  F o  r mu  l  a  <  I  I  >  .. 

h2  =  5 . 9  ( f  t  > 

Total  Area. 

0  =  1835 

• 

Peri d  u  a  1  Area, 

RESULTS  = 

ft  2  -  ft  -  ft  l 

02  =  1335  <s*-fO 

1  >  Prefailure  Height  =  0  (ft > 

P  e  r  i  d  u  a  1  V  o  1  u  m  e  .• 

2.)  Post  failure  Height  =  F  ^ 

• 

VI  -  L  t  fl2 

(  f  t  > 

VI  =  660088  <  c u b - f  t  > 

3 .  Preach  Discharge  =  S:'-:5~ 

D-26  '  cti"' 

4  >  Peach  Length  =  350  (  •  t  < 

• 

(avaiim 


ciitnt _ i!c?  J?  OF  J~NG  nVf££}L 

Subject _j£  £-N  £t£- 13  - 2?J$£ 1 - 

EjOlllujl  J-yx/s. _ 


_ Job  Ko.  C'fl  Sheet  at  23  _ 

_  by  r.  QlOi/rt.  0.U  JUj2Jlji£J 

_ Ckd _ Re*.  _ _ 


1  =  0  s  «l  .  f  t  .  > 

n  =  Of  l  +  Q  t 

F  r  o  m  F  o  r  m  u  l  a  1  I )  t 
Total  Height, 
h  =  5.9  < f t  > 

F row  F o r  mu la  (II > > 
Total  Rrea. 

R  -  1751  (Jt-M) 

P  e  s  i  d  ’.i  a  1  firsa< 

82  =  ft  -  ftl 

ft2  -  1751  <  t  > 

Residual  Volume, 

' ' !  ~  L  t  R2 
1  *  6131S0  f  cub-<  t ) 


Of  2  =  QpI  *  (  1 
Qp2  =  8653  •.  c  t  s  ) 

From  Formula  ( I > . 
Q=Qf?  +  Q  t 
0  =  3053  (cfe 


R  E 

C  H  (  16  )  CRL CULflT T i 

h  =  5  <  f  t  > 

From  F o  r  mu  l  a  <11  >  > 

• 

• 

\ 

T~  r  f 

flooo  discharge1 

R  =  1631  (tt) 

Qt  = 

a  - 

1.15  ■  :ie?  • 

.Per:  dual  Rrea.. 

• 

S 

n  - 
L  - 

0  133 

07 

7  30  i.  f  t  ,i 

R?  =  ft  -  ftl 

R2  =  1631  <  f  t  > 

. 

r  ‘‘  •„  f 

Formula  '.  >  > 

V2  -  R2  T  L 

’  • 

C  r-e.  , 

ill.,  re  he  i  gh  t  , 

M2  =  571 16!  ( cub- t t  • 

t 

hi  = 

0  <  t  :  '• 

jVavg  =  <  VI  +  V2  >  /  2 

F  t  m 

Fy%la  (II)  .• 

1 

Vavg  =  592174  (cub- ft > 

..  • 

Qp'l  =  QfI  %  <  1  -  yav?  /  V  > 

I 

Qp2  =  8081  K>zis ) 

From  Formula  C I > , 

0  -■  Of  2  +  Qt 
h2  =  5.7  <  f  t  > 

RESULTS  : 


1  .  >  F'rot-ai  lur»  H  e  i  g  h  t  =  0  1  t  t 

2  .  >  Postfailure  h  e  j  g  h  t  =  5.7 

<  f  t ) 


3  Breach  Discharge  - 
D-27  vets) 


8  0  8  1 


4  >  Peach  Length 


350  (  t  t  > 


(A\A3INJ] 

Client _ PriffS  OF  J^NGllVFF^ _ »  Ko  Sheet  ?4_ 

Sublet  __|\jtr7V  ttjEJi  £C. _ - SyT-  OT^-V-tf -  D,te  2-  Off I 

f--#// //i?/-  _ —  CM. - »« - 


Qf  2  =  Qf  1  *  <'  1  -  Vi 
Q  p  2  =  7399  (cf 

From  Formula  <  I  )  • 
Q=Qp2+Q t 
Q  =  ?3'3'3  <cfs) 


t 


I 


■ 


h  =  5  <  f  t  >  • 

R  E  h  C  H  <  17  >  CRLCULRT IONS 

_  From  Formula  (II).. 

R  =  1531  <  f  t ) 

Te-it  Mood  oi-'charae- 


q t  =  o  (cf £ :> 

Residual  Rrea, 

• 

a  =  1  15  (de  ?.  ) 

=  *i  '  7 

R2  =  R  -  R1 

r  =07 

R2  =  1531  < ft) 

=  350  <  f  t  > 

V2  =  R2  *  L 

1 

• 

F  r  o  m  F  o  r  m  u  l  a  <  I  >  ^ 

Pref  ai  lure  hei-aht.. 

V2  -  530015  (cub-ft> 

Va'.'e  =  (  VI  +  V2  ')  /  2 

Vav-a  =  554320  <  c u b  -  f  t  > 

• 

h  1  =  0  <  f  r.  > 

F  rom  Fo  r mu  1  a  <  I  I  ) 

R 1  =  0  <:«•*.♦  t  > 

Qp2  =  Qp 1  t  <  1  -  Vava  / 

I  .L.  , 

Q  p  2  =  7421  (  c  f  s  ':> 

C.  =  Qf  1  +  Qt 

* 

F  r  o  m  F  o  r  m  u  l  a  ( I  1  .• 

T o  ♦  a  1  Hei  aht .. 

F  rom  F o  r mu  l  a  ( I  > .. 

Q  =  Qp2  +  Qt 

• 

h  =  5.7  < f  t > 

F  r  o  m  F  o  r  m  u  l  a  '■.  I  I  .  '  > 

Total  R  r  e  a  • 

h2  =  5.5  (ft) 

R  -  1  *5 3 13  (.-t-f  t  ) 

RESULTS  = 

• 

Re? i du a  1  ftrea ■ 

R2  =  fi  -  fll 

R2  =  1  S3b  fst-f  t> 

1 .  >  Prefailure  He i ah t  = 

0  <  f  t  > 

Residual  Volume.. 

2  .  >  Postt'ailure  Heiaht  = 

•  <  t  t  > 

5 . 5 

• 

VI  =  L  *  R2 

7  >  Preach  Discharge  = 

7421 

VI  =  572F24  <  c  u  b - f r  > 

D-28  -  ' 

J  '  R each  L»n?th 


350  <  t  t 


From  Formula  <  I ) .. 
Q=Qp2-*-Q t 


1*1  = 

6334  <  c  f  s 

> 

h  = 

5  (ft) 

PERCH  (  IS  >‘  CALCULATIONS 

F  rom 

Formula  ( 

II), 

Test  flood  discharge 

Q  t  =  0  (  c  f  ?  > 

R  =  1442  (ft) 

Residual  Rrea, 

a  =  1.15  < dee . > 

S  =  01 33 

n  =  .  0  7 

L  =  350  (ft) 

n  ii 

OJ  w 
a:  a- 

R  -  R1 

1442  (ft 

V2  = 

R2  *  L 

F  r  o  m  F  o  r  m  u  la  (  I  >  , 

V2  = 

5O500  3  ( 

cub- f t  > 

Prefailure  heisht. 

hi  =  0  (ft > 

V  cf  V  *? 

=  (  VI  ♦ 

V2  >  ✓  2 

F  r  o  m  F  o  r  m  u  l  a  (II  > 

Ua''s 

=  521100 

(  cuti-f  t  ) 

fl  1  =  0  (st. ft . ) 

Qp2 

=  Qf  1  *  ( 

1  -  V  a  v  a 

O  =  Qp  1  +  0 1 

C5p2 

=  6352  ( c 

f  s ) 

From  Formula  ( I > , 

Total  H  e i e  h  t , 

h  =  5  5  (  f  t  ,■ 

F  rom 

Q  •• 

For  m  u 1  a  ( 

0  p  2  +  0  t 

I  >  , 

F  r  o m  F  o r  m u la  (II > , 

Total  R  r  e  a  • 

R  =  1534  (st-ft) 

h2  = 

5 . 3  (  f  t  > 

Residual  Rrea.- 

RESULTS  = 

R  2  =  R  -  Hi 

R2  =  1534  <s<\- tt) 


Residual  Volume.. 

VI  =  L  *  R2 

VI  =  537128  <  cub- f  t  > 


1  . >  Pretail u re  Height  = 

2  .  )  Post  failure  Heisht 

(ft) 

D-29  7 .  >  Breach  Dischar  ge  = 

vets  ) 

4.)  Peach  Length  =  350 


Client  _ . 


Subject _ (C^c-/V./y^E_JS  tTC _ SDJ}+ 


PERCH  (  13  )  CRLCULfl  T I ONS 


Test  flood  discharse: 
Q  t  =  0  (  cf  s) 

a  =  1.15  ( dee . > 

S  =  0133 

n  =  .  07 

L  =  350  (ft) 


F  r  o  m  F  o  r  m  u  1  a  (  I  )  , 


Prefailure  heieht., 
hi  =  0  <  f  t  > 

F  rom  Fo  rmu la  <  I  I  > 


R  1  =  0  <  s  a.  .  f  t  .  > 


Q  =  Qe  1  +  Q' t 

From  Formula  (I)/ 
To^al  Height , 
h  =  5.3  (ft.') 

F  r cm  Fo  rmu l  a  ( I  I > > 
Total  Area.. 

R  =  144  5  ( s a - f  t  > 

Residual  Area.. 

A2  =  A  -  A 1 

A2  =  1445  <  s-a-  f  t  > 


Residual  Volume/ 

vi  =  L  t  A2 

VI  =  505376  (cub-ft) 


0  f2  Sheet  2-6  #f_ 


_ CM.. 


Qp2  =  Qf 1  *  (  1  -  " ; 
Qp2  =  6341  <  c  f  s  :• 

From  Formula  (I).- 
Q  =  0p2+C!  t 
Q  =  6341  ( c  f  s > 


h  =  5  (  f  t  ) 

F  rom  For  mu  la  (II > , 
R  =  1364  (ft) 

Residual  Area, 

R2  =  A  -  R1 
R2  =  1364  dt) 


V2  =  R2  *  L 
V  2  -  477430  (cub-ft > 


Vavs  =  <  VI  +  V2  >  /  2 
V  a  v  e  =  431703  (cub-ft  ;< 


Qp2  =  QpI  t  (  1  -  Va1 
Qp2  =  6355  <cfs> 


F  rom  Fo  rmu l  a  ( I > . 
Q  =  0p2  +  Qt 
h2  =  5.2  ( f  t  > 


RESULTS 


1  >  Pretail u re  H e i e h t  =  o  >  t  t  > 

2  >  Post  failure  H  e  i  e  h  t  =  5 

(ft) 

3 .  '  Breach  Discharge  =  6355 

D-30  (  -■  > 

4  >  Reach  Leneth  =  350  ■  tt. 


4  >  Reach  L  e  n  s  t  f-i 


AlAIISJ 


lob  No.  C  fJ  Sheet 


2  =  Q 


PER  C  H  •'  20  )  CRt_CULflT  I ONS 


flood  discharge 
0  <  c  f  s 

1.15  ( d  e  ■?  .  ) 

0 1 3  3 
07 

350  (ft  ) 


Prom  Formula  (I) 

Q  =  q  p  2  +  Q  t 

Q  *  5908  < c f  s > 


h  =  5  (  f  t  > 

From  Formula  (II), 
ft  =  1293  (ft) 

Residual  ftrea, 
fl2  =  ft  -  fil 
ft£  =  1293  (ft) 


c  r  o  fn  F  o  r  mu  la  ( I  ) , 

P  r a  fa i lure  he i eh  t , 

h  1  =  0  <  f  t  > 

F  r  o  m  F  o  r  m  u  1  a  t.  II)  , 


ft  1  =  0  (  s  h  .  f  t  .  ) 


02  =  ft2  *  L 

02  =  452754  <  cub- ft.* 


0a v a  =  (  01  02  )  .  2 

V a v a  =  46549 8  (cut'-  f  i 


C-  =  Qf  1  Q  t 

Prom  For  r.i  u  la  (I  >  , 

T  o  *  a  1  H  e  i  a  h  *  , 
h  =  5.2  (ft.. 

c  r  :  ri:  Formula  II), 

T o f  a !  fires, 

ft  =  1 366  <  .-t-  f  t  ) 

Residual  fires, 

R2  =  ft  -  ftl 

ft  2  =  1366  < s ^ - f  t ) 


Qp2  =  Qf  1  *  <  1  -  0av= 
Q  p  2  =  5  9  2  0  (  c  f  s  ) 


From  Formula  (I) 


Q  =  Q  p  2  +  Q  t 
!  h2  =  5  (ft) 


RESULTS  = 


Residual  Volume, 

01  =  L  *  ft 2 

01  =  478243  < c u b - f  t ) 


1.)  Prefailure  Heisht 

2  .  )  Pestfailure  H e i s h t 

3  )  Breach  Discharge  = 

(  c  f  s  ) 

4  .  )  Peach  Length  =  3 e 


iWAIIM 


client _ flOftfS  OF 


r 

w 


Sutieet _ (C^V  N£.  '&££. _ 


\-&  / 1 1. 1  t?  ^  fl/vrt  /  y.c/  y 


.  Job  No.  )£{■/£  -  0  f2  Sheet  2 eP of  33 
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.  CM.. 


Ret.. 


Qp2  =  Of  i  t  '  1  - 

Qr2  =  5525  kct.O 

From  Formula  (  I  > 


P  E  A  C  H  <  21  >  CALCULATIONS 


Test  flood  discharge: 
(  Q  *  =  0  <  c  f  s  > 

a  =  1.15  \  d  e  •=  > 

S  =  .0133 

n  =  07 

L  =  350  (ft) 

a 

x  F  r  o  m  F  o  r  m  u  la  <  I  > .. 

Prefailure  height* 
h  1  =  0  f  t  > 

H  F  rom  F  o  r  mu  la  <  I  1  ) 

A  1  =  0  (  si . f  t  .  ) 


C!  =  Q  p  1  +  i?  t 

From  Formula  •  I  >  - 
Total  Height ■ 
h  =  5  <  t  t  > 

From  F  o  rmu  la  II.1  . 
Total  Area. 

A  =  1225  <  sa- f  t  .- 

R  e  s  i  d  u  a  1  Area 
A2  =  A  -  A 1 
A 2  =  1295  (st-tt) 


Residual  Volume. 

VI  =  L  *  A  2 

VI  =  453440  <  c  u  b  -  f  t  > 


Q=Qp2+Q t 
Q  =  5525  (cfs) 

h  =  4  <  t  t  > 

From  Formula  <  I  I  >  , 

A  =  1230  (ft) 

Residual  Area- 
A2  =  A  -  A1 
A2  =  1230  (ft) 

1 

V2  «  A2  *  L 

V2  -  430537  (cub-ft) 

j  Vavg  =  (  VI  +  V2  '•  ✓  2 
!  Vave  =  441 98S  (cub- ft) 

•  Qp2  =  QpI  t  <.  1  -  Vava 

i 

Qp2  =  5534  (cfs) 

i 

|  From  Formul  a  <  I  ' - 
Q  =  Q  p  2  +  Cl  t 
h2  =  4  9  (ft) 

RESULTS  : 


1 . >  Pref ailure  Height  =  0  (ft) 

j  2  .  't  Pos  x  t  a  i  lure  He  i  eh  t  =  4  p 

I  (ft) 

i 

t 

3  >  Breach  Discharge  =  5574 

D-32  cfs'' 

4  't  Reach  Length  =  350  1  *  t  > 


MAIN 


Client _ POMS  OF  MO/VFttZZ _ 1.0  H  lo.)2!/£^£U  Sheet  2jJt 

Subject  N  NF  YL££-  DAM _ By  HjZDZlZ^ —  Dele  &JZ1l=Jl1 

_ FA  I J  II  H  F  AM#  iVXt  9 _ CM - Re* - 


Q  p  =  0  f  1  x  '  -  v  l 

Op 2  =  5 1ST  *.  c  f  s  ) 

From  For  mu  Is  <  I  ■ 
Q=Qp2+Q t 
Q  =  5133  (cts) 


p  E  A  C  H  (  22  )  CflLCULflT I OHS 

h  =  4  -ft) 

• 

From  F o r m u la  (II )  ■ 

Test  flood  discharge- 
Q  t  a  0  <  C  f  S  > 

R  =  1  1 "  2  (ft) 

a  =  1.15  ( dea . > 

S  =  .0133 

n  *  07 

L  =  350  (ft) 

Residual  Area, 

A2  =  R  -  R1 

R2  =  1172  (  f  t  ) 

• 

F  r  o  m  Far  m  u  1  a  <  I  > 

V2  *  R2  *  L 

• 

Prefailure  h  e  i  a  h  t  , 

V2  =  41042  S  (cub-ft > 

hi*  0  ( f  t  > 

; Vava  =  <  VI  +  V2  >  '  £ 

F  rofn  Fo  rmu  l  a  (  I  !  )  > 

i  Vava  =  420773  (cub-ft'1 

• 

Ft  1  =  0  .  f  t  .  > 

Qp2  =  Op  1  t  <  1  -  Vava  /  V  > 

0  =  Of  1  +  Of 

Qp2  =  5192  (cfs) 

F  r o m  F o r m u  la  (  I  >  .■ 

*'Ma  1  He  i  ah  *  .• 
h  -  4  9  (  f  t  > 

:  F  rom  F o rmu 1  a  (  I  >  • 

• 

F  r  o  m  F  o  r  m u  l  a  1  I  I  )  , 

1  C!  =  Qp2  +  0t 

Total  fi  r  e  a .. 

fi  =  1231  (Ji-tt) 

h2  =  4 . 3  (  f  t  ) 

Residual  fi  r  e  a  • 

R2  =  R  -  R 1 

fi  2  =  1231  (  s  a  -  f  t  > 

RESULTS  = 

• 

Residual  Volume, 

1  .  ■)  Prefailure  Heiaht  =  o  (ft) 

U1  =  L  %  R2 

2 .  >  Postfailure  H e i a  h t  =  4  .  3 

(ft) 

• 

VI  =  431120  Ccub-ft) 

r\ 

3  .  ''  Breach  0  l  s  c  h  a  r  a  e  =  51  3  2 

,,  <cfs' 

D-33 


4  1  Reach  L  e  n  a  t  h 


350  <  t  * 


fiWAIIV} 


Client _ (Lfr $  fS  OF  JrN 0  / Wftr  gLS. 


EjOlllvul  AMiys/s 


Job  Mb.  ).^  ~  C  f2  Sheet^j2  of _ 3=1— 

By  T-  OTQjrt  Dale  O-Qlt-ei 

Ckd _ Re».__ _ 


PEACH  <  23  >  CALCULATIONS 


Test 

f 1  cod  d i . 

scharae 

Qt  = 

0  c  t  s  > 

3  — 

1  (  d  —  a  '? 

‘5  = 

01 

n  = 

07 

. 

i  — 

350  ( f  t  > 

-  o  m 

F  o  r  rn  u  1  a 

c  i > , 

:,ref  . 

a  i  lure  h  e 

i  ah  t  .■ 

h  1  = 

0  '  f  t  > 

c  r  o  m 

F  c  r  rn  u  1  a 

(II)  , 

A 1  = 

0  (  St  ■  t 

t  ) 

n  = 

QpI  +  Qt 

F  y  o  m 

F  o  r  rn  i  a 

<  I  >  , 

To^al  H  *  i  t  , 

h  = 

4  8  t  *  t  1 

Fr 

F  o  r  rn  u  1  a 

■  II), 

T  o  t  a 

I  firea.' 

A  = 

135  3  s  •= 

i-  ‘  ' 

R  •?  S  i  d  U  s  1  Area, 

R2  =  A  -  Hi 

A2  =  1  7  53  'iTt  t  > 


R  e  5  i  d  u  a  i  V  o  1  u  m  e  • 

U1  =  L  *  R2 

VI  =  4735i:'l  t  cub- ft) 


Qp2  : 

=  QpI  l 

i  1  - 

'.'1 

Qp2  ; 

=  4325 

<  c  f  s  > 

From 

Form  u 1  a 

( I ) , 

Q=Qp2+Qt 

Q  = 

4823  <c 

ts> 

h  = 

4  (ft  > 

F  rom 

Form  u 1  a 

( 1 1  > 

A  - 

1231  << 

t  > 

Residual  ft  re 

a  ,• 

ft2  = 

R  -  R 1 

R2  = 

1281  ( 

t  t 

1,10'  = 

R2  t  L 

V2  = 

448571 

<'  c  u  b 

-ft) 

V  a  v  a 

=  (  VI 

+  V2 

>  ,- 

V  a  v  a 

=  48106 6  ( c 

u  b  - 1 

G'p2 

=  QpI  t 

(  1  - 

Vav 

Qp2 

=  4  S3  3 

( Cti) 

F  r  •:<  m 

F  o  r  m  u  1  a 

( I  >  .• 

0  = 

Q  f  2  -1-  0  t 

h2  = 

4  ^  (  t 

t  > 

RE SUL TS 


1  .  >  Pref si  lure  Height  =  0  'ft 

2  >  Postfail  u  re-  Height  =  4  7 

(ft) 

?  ^  Breach  Discharge  =  •*  3  3  5 

•  c  t  s  > 


4  o  Peach  L  e  n  a  t  h 


A\A.IINJ 


Client _ 


Job  No.  Sheet 


pc- 2  =  Of  1  >.  1  -  ,!i 

Qf2  =  451?  cfs) 

Fro  ru  F  o  r  inula  <  I  )  > 
Q=Qf2+Q  t 
Q  =  4519  < CtX' 


P  2  ft  C  H  <  £4  '  C ft  L  C  U  L  ft  T I  0 N S 

¥-■ 

II 

s: 

From  F  o  r  m  u 1  a 

<  I  I  > 

.. 

T e 5  r  ♦  I  o o d  d ischar?e 

ft  =  1213  <  t  t 

0  t  =  0  ...  c  *  s 

Residual  ft  r  e  a 

3  -  1  '■  d  *  3  > 

' 

fi2  =  ft  -  fll 

►  =  l"«  ”* 

_  =  350  ‘ft 

ft2  =  1219  at 

t  > 

i  V.'2  =  ft2  *  L 

F  ■ '  0  ru  For  f:i  U  1  a  (.  I  }  , 

V2  =  426759 

'..cub 

"ft  ) 

°  r  e  t  -a  i  !  u  r e  ha  i<? h  r  . 

t 

1 

i- 1  =  e  <:  f  t 

1  V a V  e  =  <  VI  + 

II 

Fret.  F  :  -  r  ,  '.4  1  j  (U)  , 

i  V  a  s  =  437'?? 

■r*  '•  c 

u  b  -  *  t 

FI  =  0  '..£=.  i  t 

Qf-2  =  Of-  1  t  < 

i  - 

'.Java 

r  =  Qp  i  ~r  q  r 

Qf2  =  4527 

c  t  s  ; 

-  o  ru  F  o  r  m  u  1  i  '  I  1  • 

T  o  *  a  I  h*  i  -ah*  • 

From  F o r m u  1  a 

‘  I  >  .• 

‘-  =  4.7  (tt  ... 

Q  =  0  f  2  +  0 1 

P  r  ru  F  o  *-  ru  i.j  1  a  1  I  I  >  .• 

T  r  a  i  ft  r  a-  a  > 

ft  =  12  £  3  r  s  a.  - 1 1  > 

h2  =  4  F.  <  c  r 

P  e  £  1  d  U  a  1  ft  r  e  a  • 
ft2  =  ft  -  Hi 

RESULTS  : 

ft?  =  1  2S3  1  S'f  i  t  ) 

1  )  Prat  ailu r 

e  He 

1  er  ,  * 

Panaual  V o  1  u m e  .■ 

2  >  P  o  s  t  +  a  i  1 1.4 

re  H 

e  i  ?  h  t 

'..'1  -  L  4  ft  2 

(  (  t 

VI  =  4  4  9237  (cuL-tt) 

3  >  Brea c  h  D  i 
Pets:1 

£  c  h  a 

r  ?*=•  = 

D-35 


4  ''  P  a  c  h  L  n  ■=>  t  h 


Subject  __j<v£iV_£££-  13j£ 


AAAI3V 


Job  Ht.]3<££zJ/-£Z  Sheet  3^. 


Front  Formula  <  I  .• 
Q  =  Q  f  2  +  0  t 
Q  =  4242  <1  c  f  s  > 


:■  EACH  <  25  >  CRLCULRT  I  OHS 


h  =  4  <  f  t  > 

F  rotti  F o  rmu  1  a  <'  1 1  > 


res*  flood  discharge 
'■+  =  y  ;t£ ) 

a  =  1  < dee  . 

?  =  Cl 
■t  =  .  C7 

_  =  35C  '!  t  t  i 


fl  =  1162  <ft> 

R  e s i d u a  1  Area 
R2  =  R  -  R1 


R2  =  1162  '"ft) 


02  =  R2  *  L 


-  *■  o  m  F  o  r  m  u  l  a  (.1  )  .■ 
Prof  a  i  lure  h  e  ?  h  t 


C  <.  f  i. 


F  r  o  m  For  rn  u  i  a  v  »  i 
*  1  =  C  <  s  g.  .  f  t  .  ) 


O  =  Q  c  1  +  0  t 

F  r o m  P o rmu l  a  <  I 
T  -  h  1  Height., 
h  =  4  6  t  T  > 

p  r  om  F  o  r  m  u  la  ■'  I  x  >  > 
T  c  T  a  1  R  r  e  a  ■ 

Ft  =  12  20  (n-'t) 

P  e  s  i  d  u  a  1  R  r  e  a  .• 

P2  =  R  -  Hi 
R  2  =  1220  'rt-f  t) 


02  =  406996  (cjb-M  ) 


0  a  v  g  =  (  01  +  0  2  )  r  2 
V a/g  =  417161  <  c  u b -  f  t 


Q  f  2  =  Q  p  1  f:  <  1  - 
0  p  2  =  4249  ( c  f  s ) 


!  From  Formula  <1 

I 

Q  =  Q  f  2  +  Q  * 

;  h2  =  4.5  <  f  t ) 


RESULTS 


1  )  P  r  e  f  a  i  1  u  r  e  Height 


Residual  0  o  1  u  nt  e  > 

0*  =  L  t  R2 

0 1  =  4  2  7326  < c  u  b - f t ) 


2  )  Post  failure  Height 

<  ft  > 

3  .  >  E'  r  e  a  c  h  discharge  = 

<  r  t  S  h 

4 .  >  Peach  L  e  t 1  g t h  =  35 


MAIN 


.  Job  Ho  J 3y£jzjjifJL  Sheet  at  33 


flMf)  i  y.c/ 


_ Ckd _ Re*. _ 

Op 2  =  QpI  *  <  1  -  01  r 
Q  p  2  —  3  9 9  4  t.  c  f  s  . 


R  E  R  C  w  26  )  CRLCULRTI ONS 


Test  flood  d  i  s  c  h  a  r  a  e 
'T' t  =  y  ( c  f  s  :> 

3  =  1  (dei. ) 

S  =  .91 

►‘i  =  .07 

L  =  75u  ( ( t) 


c  r  o  ft  i  F  o  r  rrt  u  1  a  <  I  >  .■ 
c  '-eJ  ai  1  u  r e  ha  i  a h  t 
h  1  =  y  t  t  ) 

F  ror.i  Forrin.il  3  <  I  I  > 
01=  0  =  a  .  ■f  r  > 

0  =  0  f  1  +  Q  * 

“  ro»  Formula  >.  I  >  .• 

7  v  *  a  1  Heieh*. 
h  =  4.5  (tt' 

F  r i- r.i  Formula  (  I  I  >  > 

7  O  t  3  1  Hr'H.j  , 

0  =  1164  Cn-Mj 

F'  a  z  i  d  u  a  1  ft  r  e  3  ’ 

h 2  =  0  -  Hi 

R2  =  1164  (£R-tr) 

P.  e  s  i  d  u  a  1  o  1 1  j  in  e  • 

VI  =  L  ♦  R2 

Vl=  4  O  7  4  3  3  <  c b  -  t  t 


F  root 

F  o  -mu  1  a  ■■  I  ’ 

Q=Qp 

2  +  Q  t 

Q  = 

3994  vc+s) 

h  = 

4  <  t  t  > 

F  rom 

F  o  r  fn  u  1  a  (  I  I > 

R  = 

1111  < f  t > 

Residual  Hrea^ 

R2  = 

R  -  fll 

R2  = 

1111  (ft.) 

M2  = 

R2  %  L 

02  = 

3  8  9  @ 04  (.  c  u  b  —  t  t  ) 

0  a  v  •= 

=  •:  01  +  02  ■  ✓ 

0  a  v  a 

=  333244  Ccub-f 

Qp2 

=  0  F  1  *  <  3  -  0  3  V 

0p2 

=  4000  Rets' 

F  r  o  m 

Formula  O'1 

I  Q  = 

Qp2  +  0t 

h2  = 

4.4  >  t  t ) 

RESULTS 

1  • 

Fret  31  lure  Hei ant 

2  • 
OO 

Pos  t  failure  '-1  *  i  a  h 

3  ' 

B  r  *■  a  c  h  Disc  r,  3  r  ?  a 

Rets 

'l 

4  >  Re  ich  Length  =  350  ■.  t  t  '> 


D-37 
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